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ABSTRACT 
The embiyology of Galium t r i c o r n e S t o k e s , Ixo ra u n d u l a t a 
Roxb. , Oldenlandia K r a c i l i s Hook., Mitragyna p a r v i f o l i a (Roxb.) 
K o r t h . , Pen t a s carnea Benth.. v a r . a l ba Hor t . and Pen t a s carnea 
Benth. v a r . coccinea Hor t . Jaas been d e s c r i b e d . A b r i e f 
d i s c u s s i o n i s given a t t h e end of each, c h a p t e r . I n t h e main 
d i s c u s s i o n t h e p r i m i t i v e and advance c h a r a c t e r s of t h e 
Cinchonoideae and t h e Goffeoideae have been compared and 
conc lus ion drawn from i t . 
The f l o r a l organs d i f f e r e n t i a t e i n a c r o p e t a l s u c c e s s i o n . 
The gynoecium d i f f e r e n t i a t e s l a s t of a l l . The development of 
gynoecium has been d e a l t wi th i n some d e t a i l . I'ne gynoecium 
i s b i c a r p e l l a r y , b i l o c u l a r and i n f e r i o r . Some t r i c a r p e l l a t e 
f lowers have been observed i n G. t r i c o r n e , I . u n d u l a t a , 
p . g : r ac i l i s and P . carnea v a r . a l b a . These cases could be 
a r e v e r s i o n t o t h e a n c e s t r a l t y p e . 
The a n t h e r wal l development h a s been fol lowed c l o s e l y 
which i s of t h e Dicoty ledonous t y p e of Davis ( 1966 ) . I n 
0. p;racilis and P. caraea var. alba, rarely the inner par ie ta l 
layer divides per ic l ina l ly , in sucii cases tiie tapeta l and 
middle layers are s i s t e r layers. Tiiis feature occurs in th.e 
Umbelliflorae wMch i s supposedly a l l i ed to th.e Habiales. 
Sometimes, one or a l l the three anther wall layers may divide 
per ic l ina l ly in the present materials . The endothecium in 
«^ t r i come i s free from fibrous thickenings. The glandular 
tapetiim i s 1-nucleate, although 2-nuGleate tapetal ce l ls 
occasionally occur in some species. Gases of anther per ip las-
modium have been observed in G. t r i c o m e , I . undulata, M. par-
vifolia and P. carnea var. alba. Ubisch granules occasionally 
occur in G. t r icorne and P. carnea var. coccinea. 
The microsporogenesis i s of the Simultaneous type. The 
microspore te t rads are te t rahedral , although occasionally 
decussate, i sob i la te ra l and T-shaped te t rads occur in some 
taxa described here. Sometimes, the microspores do not 
separate af ter dissolution of the mother cel l wall in P. carn-
ea var. alba. The pollen grains are of small size and are 
shed at the 3-nucleate stage. 
The ovules are tenuinucellate. Anatropous ovules occur 
in G. t r icorne, hemianatropous in I . undulata, P. carnea var. 
alba, P. carnea var. coccinea and anacampylotropous in 0. gra-
c i l i s . Endothelium different ia tes in G. t r icorne and _0. gra-
c i l i s , and a chalazpl nu t r i t ive t i ssue in G. t r icorne . The 
uucellus i s 4- to 7-celled in G. t r icorne and I . undulata. 
Archesporiujn i s 4- to 7-celled in G. t r icorne and 1- to 2-celled 
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in the other fo2?ms descr ibed. The megasporogenesis i s of 
the successive type. Earely the d iv i s i on in the micropylar 
or the chalazal dyad may be delayed in P. camea var . a lba . 
The megaspore t e t r a d s are l i n e a r and occasional ly T-shaped 
or inver ted T-shaped in I . undulata and 0. g r a c i l i s . T-shaped 
t e t r a d s may be present in G. t r i c o r n e , P . camea var . alba 
and P . carnea var . coccinea. Some rhomboidal megaspore 
t e t r a d s occur in I . undulata and 0. g r a c i l i s . Chalazal 
megaspore i s funct ional , although v a r i a t i o n s in t h i s regard 
have been noted. 
The embryo sac development conforms to the Polygonum 
type. The megaspore in _G, t r i c o r n e germinates by tube forma^-
t ion from i t s l a t e r a l wal l . The megaspore tube en te rs the 
micropylar canal , where the development of embryo sac takes 
p lace , while in other species the embryo sac develops in s i t u . 
Sometimes the synergids are hooked in 0. g r a c i l i s . The t e r -
minal antipode in G-. t r i c o r n e i s except ional ly long and 
h a u s t o r i a l . In M. pa rv i fo l i a the ant ipodes belong to the 
Leptodermis type of Fagerlind (1937), while in o ther species 
they conform to the Eichardsonia type . Some cases of embiyo 
sacs with inverse p o l a r i t y have been noted in G. t r i c o r n e 
and I . uJidulata. Multiple sacs have been observed in the 
species described he re , although II. pa rv i fo l i a and P . carnea 
var . alba a re the exception in t h i s regard. 
The anatomy of the mitriform stigma shows an i n t e r e s t i n g 
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arrangement of tlie conductive t i s s u e for tlie po l len tubes . 
p o l l i n a t i o n lias been descr ibed. One or botii the synergids 
may be destroyed during th.e act of f e r t i l i z a t i o n . Sometimes, 
both, the synergids remain heal thy in a f e r t i l i z e d sac in 
G. t r i c o r n e , M. pa rv i fo l i a and P. camea var . a lba . The 
second sperm nucleus fuses with the secondary nucleus . 
Tr ip le fusion takes place to form the primary endosperm 
nucleus in P . camea var . a lba . 
The endosperm development i s of the Free Nuclear type . 
In two cases Helobial type of endosperm development have 
been noted in 0. g r a c i l i s . In an exceptional case, one 
uninucleate cytoplasmic ve s i c l e has been observed in 0. gra-
c i l i s . 
The embryogeny in G. t r i c o r n e i s of the Sherardia v a r i a -
t ion of the Solanad type, while in o ther species i t conforms 
to the Nicotiana v a r i a t i o n of the Solanad type. Cases of 
polyembryony have been observed in G. t r i c o r n e . The branches 
of suspensor haustor ia may give r i s e to embryos a t t h e i r 
ap ices . Sometimes, the zygote d iv ides i r r e g u l a r l y to produce 
a zygotic mass of c e l l s from which embryos are produced. 
The t e s t a i s 1-layered. The t e s t a in the two v a r i e t i e s 
of Pentas carnea described have honey-comb-like th ickening 
on the inner s ide of t h e i r outer t a n g e n t i a l wal l s . The seeds 
are endospermous. The changes which the endosperm and the 
integumental t i s s u e undergo during the development of the 
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seed have been described .in some d e t a i l . 
On tlie bas i s of ava i l ab le embryological data i t may 
t e n t a t i v e l y be assumed t h a t the Goffeoideae a re more p r imi t ive 
than the Oinchonoideae. 
A summary of the s a l i e n t embryological fea tures of the 
present ma te r i a l s i s given a t the end. 
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PHEFAGE 
The thesis consists of two parts: I. The life histoiy 
(embryology) of some Eubiaceae, II. Published papers. 
Part I is the main thesis which deals with six rubiaceous 
plants. 
1. Galitim t r i c o r n e Stokes. 
2. Ixora undulata Roxb. 
.3. Oldenlandia ^ gracilis Hook. (= Hedyoetis gracilis Wall.) 
4-. Mitragyna parvifolia (Eoxb.) Korth. (= Stephepyne 
•parvif olia Eoi-th. ) 
5. Pentas carnea Benth. var. alba Hort. (= Pentas lanceolata 
Schum. = Qphiorrhiza lanceolata Porsk.) 
6. Pentas carnea Benth. var. coccinea Hort. 
Part II of the thesis consists of research papers. 
The reprints of the published papers are appended at the 
end. 
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1. 
INTRODUCTION 
The Rubiaceae i s amongst tlie l a rges t diootyledonous 
f ami l i e s . I t comprises 350 genera and 4,500 species 
according to Meyer and Walker (1955) and 450 genera and 
5,500 species according to Wi l l i s (1957)• Schumann. ( l 89 l ) 
erected two sub-families in the Rubiaceae- Cinchonoideae 
and Ooffeoideae. The Cinchonoideae i s charac ter ized by 
polyspermic fruit..chambers and i s composed of the following 
eight t r i b e s : Gondamineae, Oldenlandieae, Rondelet ieae, 
Henriquezieae, Cinchoneae, Naucleae, Mussaendeae, and 
Gardinieae. In the sub-family Ooffeoideae the f r u i t 
chambers are monospermous and includes the following eleven 
t r i b e s : Vanguerieae, Guettardeae, Chiococeae, Ixoreae , 
Psychot r ieae , Paeder ieae , Anthospermeae, Ooussarieae, 
Morindeae, Spermacoceae, and Galieae. 
Bentham and Hooker (1862-1883) included the Rubiaceae 
i n the Inferae of the Gamopetalae Just before the Compositae. 
Hutchinson (1926-1959) placed the Rubiales between the 
A s t e r a l e s a n d the Apocynales and Bngler and Diels (1936) 
between Plan tag ina les and Cucurbi ta les . This shows t h a t 
the systematic pos i t ion of the Rubiaceae i s c o n t r o v e r s i a l . 
Hofmeister and Strasburger suggested the p o s s i b i l i t y 
of us ing embryological charac te rs in taxonomy. Now i t i s 
undisputed tha t embryological fea tures can be of great 
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taxonomic value in delimiting orders, showing affinities 
and determining tlie degree of evolution of any particular 
plant or group of plants and tracing the evolutionary 
trends within a family ( see Schnarf, 1933> 1937; Mauritzon, 
1939; Maheshwari, I945a, I9^5b; Just, 19^6; Maheshwari, 
1950; Davis, 1966). 
Fagerlind (l936a, l936b, 1937, 1939) studied 24 genera 
and 41 species of the Subiaceae. He considered that a 
number of embryological characters of the family are of 
systematic value and considering the size of the family 
there is a need of extensive study of the family in order 
to draw valid conclusions regaixiing its affinities with the 
supposedly allied families and to follow the evolutionary -
trends within the family. Therefore, at the suggestion of 
Dr. Mohd. Farooq^six rubiaceous plants, namely - Galium 
tricorne, Ixora undulata, Qldenlandia gracilis, Mitragyna 
parvifolia, Pentas carnea var. alba and P. carnea. var. 
coccinea have been studied and observations recorded in the 
present paper. 
5. 
MATERIALS AMD METHODS 
E n t i r e p l a n t s of Galium, t r i c o r n e S tokes were c o l i e c t e d 
from S r i n a g a r i n August , 1973 and t h a t of Ixora u n d u l a t a Eoxb. 
from B o t a n i c a l Garden C a l c u t t a i n Marcii, 1953« ^iie m a t e r i a l 
o^ Oldenlandia ^ - r a c i l i s Hook, was c o l l e c t e d from K u k r a i l 
f o r e s t , Lucknow i n March, 197^. A l l t h e s e m a t e r i a l s were 
c o l l e c t e d by Dr. Mbhd. Farooq and very k ind ly handed over t o 
me. The m a t e r i a l s of Mitragyna p a r v i f o l i a K o r t h . , P e n t a s 
carnea Benth. v a r . a lba Hor t . and P . c a m e a Benth. v a r . 
coccinea Hor t . were c o l l e c t e d by t h e a u t h o r from N a t i o n a l 
Botan ic Gardens, Lucknow i n 1973' 
The m a t e r i a l s were f ixed i n F.A.A. Buds and f lowers 
were dehydra ted i n a l c o h o l - x y l o l and f r u i t s i n t e r t i a r y - b u t y l -
a l c o h o l s e r i e s . The u s u a l method of p a r a f f i n wax embedding 
was fo l lowed. S e c t i o n s were cut a t 7 - 10yu, mounted on 
s l i d e s and s t a i n e d wi th s a f r a n i n and f a s t g r e e n . Some s l i d e s 
of G. t r i c o r n e were s t a i n e d wi th i r o n - a l u m - h a e m a t o x y l i n . 
The f i u i t s of P . carnea v a r . coccinea a r e so ha rd t h a t 
they could no t be c u t / t h e u s u a l t e c h n i q u e . T h e r e f o r e , embryos 
were d i s s e c t e d out from seeds t o s tudy t h e embryogeny of t h e 
p l a n t . 
be , 
e 
T T ] 
i 
Fig. 1 a - i . G-alium t r i co rne . 
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THE ffhOWii^R 
Galium t r i c o r n e ; 
The bx-ariched inf lorescence cons i s t s of several peduncles , 
eacJri with 1-3 a x i l l a r y flowers (-t '^ig. 1a) . M u l t i c e l l u l a r 
triciiome occurs in tlie a x i l of tJae bract ( i ' ig . ? ) • The 
flowers are t r i c y c l i c and te t ramerous. Calyx i s ausent . Tne 
four corol la lobes form a tube (.big. 1b) wiiicli gradually 
d i l a t e s tovrards i t s apex ( i ' ig . 1c) . The free p a r t s of the 
corol la lobes are refiexed (Fig . 1d). The apices of the 
corol la lobes bear pap i l l a e (i"'ig. 396). Un ice l lu l a r glandular 
brichomes occur on the adaxia l Surface (.Fig. 8) and m u l t i -
c e l l u l a r club-shaped ones on the abaxial surface of the corol la 
(i^'igs. y, 10j . Ihe frequency of the l a t t e r i s low. The 
didynamous stamens a l t e r n a t e with the p e t a l s ( i ' lgs . 1c, 10). 
The stamens are exserted. The epigynous ovary i s b i c a r p e l l a i y 
and bi ioGular , The placenta i s so low tha t the ovules appear 
to a r i s e from the bottom of the ovary (i?ig. 11). There i s 
one ovule in each ovarian chamber. Frequently enough the 
ovule in one of the locules degenerates (J?ig. 1g). Sometimes 
both the ovules are heal thy (Fig . 1h). The sol id s t y l e i s 
fused below and free above (Fig . 1e) . Each s t y l a r branch 
bears one globose stie;[na which i s covered by numerous p a p i l l a e . 
Heterostyly i s qui te frequent (F ig . 1 f ) . Two crescent-shaped 
! 
Fig. Z a - d. Ixora unaulata 
!?. 
nectary glands enc i rc le tlie base of bJae s t y l e (Fig. 10). 
Tiie nectary glands consis t of tliin-vralled c e l l s (Fig. 12). 
Five cases of t r i c a r p e l l a t e flowers have been noted (Fig . 1$). 
In tJaese flowers, tliere are three free s t y l e s each crowned 
by a p a p i l l a t e stigiaa (Fig. 14). F ru i t s are glabrous granu-
l a t e h ispid with curved ped ice l s (Fig. 11). 
Ixora undulata; 
The inf lorescence i s corymbose on long b r a c t i a t e pan ic les 
(Fig. 2a) . The flowers are t e t r a c y c l i c and tetramerous. The 
calyx i s represented by four t ee th wnich -oersist in the f r u i t . 
The gaixiopetalous corol la cons i s t s of four peua l s . Goxisider-
ably long corolla tube i s formed CFig. 2b). The free p a r t s 
of the corolla lobes are refle'xed (Fig. 2 G ) . The four ep i -
peta lous stamens are s i t ua t ed opposite to the X)etals (Fig. 18). 
The stamens are exser ted. The b i ca rpe l l a ry ovary i s infe^' ior 
and b ice l led . Each c e l l containing one ovule (Fig. 1>). The 
ovules are sub - ses s i l e and at tached to the midale of the 
septum. The long so l id s t y l e bears a b i f id stigma (Fig. 2d) . 
Two crescent-shaped nectary glands enc i rc le the base of the 
s t y l e . The nectary glands a re more massive than those in 
G. t r i co rne (Fig. 15). 
In two flowers the gynoecium i s t r i c a r p e l l a r y and t r i l o -
cu lar with one ovule in each locule (Fig . 17) . The s t y l e s 
correspond to the number of the carpels and are fused toge ther 
(Fig. 18). F ru i t s are succulent with two plano-covex pyrenes . 
v^ I 
e f 6 
Fip:. 3 a j ; . Qldeniandia Krac i l i s . 
Qldealandia g r a c i l i s : 
Tile inf lorescence i s a pen ic le of cymes (Fig. $a) . The 
flowers are t e t r a c y c l i c and tetramerous, Four small p e r s i s -
t en t calyx lobes are feebly uni ted at tlie base t^jj'igsoc, jxl). 
Tile four corolla lobes form a somevjiiat furuiel-shapea tube 
(Eigs. 31^ ? 3 G ) . The apex of the corol la lobes i s p a p i l l a t e . 
The foul" stamens are opposite to the p e t a l s (Figs . 5e, 19) and 
a r i s e from the midale of the corol la tube. The stamens a re 
exser ted. The b icarpe l la ry epigynous ovary i s b i locu la r 
(Fig. 20). There i s a massive kidney-shaped placenta in each 
ioGule. The placenta a r i s e s from the midale of bhe ovarian 
septum. Several ovules a re borne by each placenta (Fig. 20). 
The s t y l e i s so l id and stigma i s b i f i d and in se r t ed (Figs , ^e, 
3f) . One flower v\fith t r i c a r p e l l a t e ovary has been noted 
(Fig. 3g). F ru i t s are capsules (Fig. 3'i). 
Mitragyna pa rv i fo l i a ; 
The inf lorescence i s a head (Figs . 4a, 4b) . The flowers 
are borne on a globose r ecep tac l e . The flowers a re t e t r a -
cyc l ic and pentamerous. The f ive calyx lobes are short and 
t o o t h - l i k e . The f ive corol la lobes form a tube (F igs . 4c, 4d) 
Their free par t i s r a t he r shor t (Fig. 4d) . Five epipeta lous 
stamens a r i s e from near the base of the corol la lobes and 
a l t e r n a t e with them (Fig. 21) . The stamens are i n s e r t e d . 
The epigynous b i ca rpe l l a iy gynoecium i s b i l o c u l a r . In each 
\ 
t 
i^'l[j-. 4 a - f. mi'Ci'aH;yria p a i ' v i r o l i a . 
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l ocu le , a siiield-sliaped x)laceiita hangs down from near tiae 
roof of tile ovary. Each placenta bears a number of ovules . 
The so l id s t y l e i s long and exserted Cii'lg- ^)' '^^'^^ stisma 
i s mitriforia (i-'ig. ^-e), TJie apex and bottom of tJrie stigma 
bear p a p i l l a t e ce l l s ,wh i l e the incervening pa r t i s non-papi-
l l a t e and non-recept ive ( l l g . 4Uti). In a t r ans sec t ion the 
ou t l ine of the midale part' of the soigpia i s undulated due to 
the presence of ten r idges and the same number of furrows 
(Fig. 21). I ' ru i ts are capsules (jB'ig. 4-f). 
Pentas carnea var . alba and P. carnea var . coccinea: 
Ihe inf lorescence i s corymb ( f ig s , ya, 5a) . The flowers 
are t e t r a c y c l i c and pentamerous (Figs, yb, 6d) . Ihe p e r s i s -
t en t calyx i s >- to b-lobed, which are aliuost alvrays unequal 
( i ' igs . 5G, :pd, be, 6 f j . Sometimes a f o l i a r b rac teo le may be 
fused with the ovary wall and extended beyond the l a t t e r in 
P. carnea var . a lba . Uni- and ^-ce l led trichomes occur on 
the aoaxial surface of the calyx lobeS (F igs . 25, 26) . however, 
t h e i r frequency i s considerably low on the adaxial sur face . 
At the angles of the s inuses of the calyx lobes , a m u l t i -
c e l l u l a r club-shaped h a i r occurs on the adaxia l surface (Figs . 
2$, 25, 2b, 27) . The corol la i s white in var ie ty alba and 
rosy in var ie ty coccinea. The f ive corol la lobes a re uni ted 
to form a long tube which d i l a t e s in i t s upper pa r t in va r i e ty 
coccinea. In va r ie ty alba the corolla tube i s sho r t . On the 
I 
j ' i i i . > a - a. I' exit a s Cornea vu i'. a lba . 
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other hand, the free part of the corolla lobes i s large and 
broad in variety alba than that of variety coccinea (Figs. 5a, 
5b). Uniseriate 3-celled trichomes occur on the abaxial sur-
face of the corolla lobes. Their frequency i s low on the 
adaxial surface. Nujnerous unice l lu lar ha i rs develop on the 
adaxial surface of the corolla tube which remain within the 
throat of the tube. Five epipetalous stamens a l ternate with 
the petals and are attached near the base of the corolla tube 
(Fig. 25). They remain inserted (Figs. 5b, 6d). The b icar -
pellary epigynous gynoecium i s 2-celled (Figs. 22, 26, 27)» 
The massive placenta ar ises from the middle of the septum. 
The ovule bearing part of the placenta i s hemispherical. The 
solid style,which i s exserted,bears a bif id stigma (^Figs. 5b, 
5b, 5c). The pedicel and the ent ire outer surface of the 
ovary bear numerous 1- and 3-celled uniser ia te trichomes (Figs. 
22, 24, 26, 27). Fruits are capsules. 
The gynoecium in two flowers of P. carnea var. alba i s 
t r i ca rpe l l a t e and t r i locu la r . Each ovarian locule has a 
massive placenta with numerous ovules (Fig. 24). The s tyles 
corresponding to the carpels are fused (Fig. 25). One flower 
of P. carnea var. coccinea has six peta ls and six stamens 
(Fig. 28). 
9. 
FLORAL ORGANQGENT 
The f l o r a l bud. a r i s e s a s a h e m i s p h e r i c a l outgrowth i n 
t h e a x i l of a b r a c t ( F i g s . 29 , 38, 44 , 5 1 , 5 8 ) . The rud iments 
of ca lyx l o b e s make t h e i r appearance below t h e convex apex 
of t h e f l o r a l bud. ( F i g s . 4 5 , 52, 5 9 ) . The ca lyx p r imord ia 
grow upwards and a r e f eeb ly i n c u r v e d . Calyx i s n o t p r e s e n t 
i n Galiiua t r i c o r n e . Hencefo r th , t h e growth of t h e f l o r a l 
a x i s i s r e t a r d e d a t i t s apex . Meanwhile t h e fundaments of t h e 
c o r o l l a l obes a r i s e , which become s t r o n g l y incu rved ( F i g s . 30-
32, 39, 40, 4 6 - 4 8 , 54, 6 0 - 5 2 ) . The p r imord i a of t h e s tamens 
o r i g i n a t e a s smal l p r o t u b e r a n c e s n e a r t h e base of t h e c o r o l l a 
l o b e s ( F i g s . 32, 39, 48 , 54, 6 1 , 6 2 ) . The major p a r t of 
t h e yoting stamens d i f f e r e n t i a t e s a s a n t h e r , whi le i t s b a s a l 
p a r t forms a s h o r t s l e n d e r f i l amen t ( F i g s . 34, 4 1 , 49 , 55 , 65 , 
6 4 ) . The a n t h e r s a r e b i t h e c o u s and 4-chambered. Meanwhile, 
t h e f l o r a l bud i n c r e a s e s i n s i z e , more so i n t h e h o r i z o n t a l 
p l a n e . Wedge-shaped rudiments of t h e c a r p e l s a r i s e immedia-
t e l y below t h e a n t h e r p r imord ia ( F i g s . 3 3 , 40 , 49 , 55 , 62 , 
6 3 ) . These grow o b l i q u e l y converg ing towards t h e c e n t e r . 
They meet each o t h e r and roof over t h e concav i t y of t h e 
thalamus ( F i g s . 34, 42 , 49 , 55 , 6 4 ) . From t h e i r p o i n t of 
c o n t a c t , they extend upwards t o foim t h e s o l i d s t y l e and 
downwards a s t h e ova r i an septum ( F i g s . 35 , 4 2 , 4 3 , 50, 56 , 
54 , 55)• The p l a c e n t a a r i s e s a s a mass ive format ion from t h e 
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•bottom of the ovary ( F i s s . 34-, 42, 4-9, 64) . Very soon a 
notGh appears a t i t s apex. I t i s here t ha t the ovarian 
septum meets and fuses with the p lacen ta l outgrowth and the 
ovarian cavity i s divided i n to two chamhers (or locu les ) 
(Eigs. 35, 36, 42, 43, 50, 56, 65) . 
In the Coffeoideae the e n t i r e p l acen ta l t i s s u e in each 
loGule gives r i s e to one ovule (Pigs . 35-37) • ID. the 
Ginchonoideae one massive placenta in each ovarian chamber 
bears several ovules (Pigs . 43, 50, 56, ^1^ 65) . The p a r t 
played by the carpel and the basa l outgrowth in the const ruc-
t ion of the septum i s v a r i a b l e . In G. t r i c o r n e , the ovules 
appear to a r i s e from the bottom of the ovary. Almost the 
e n t i r e ovarian septum i s formed by the downward extension 
of the carpels (P igs . 35? 36). In I . undulata the ovules 
a re at tached to the middle of the septum (Pig. 37)• 'Jl^ he 
p a r t i c i p a t i o n of the carpels and the p l acen t a l outgrowth in 
the construct ion of the septum i s almost equal in 0. g r a c i l i s , 
P . carnea var . alba and P . carnea var . coccinea (Pigs . 43, 56, 
65) . The placenta i s almost s e s s i l e and shield-shaped in 
9.' g r a c i l i s (Pig. 43) , I t i s s ta lked and somewhat kidney-
shaped in the two species of Pentas described here (P igs . 56, 
57, 65) . In M. pa rv i fo l i a the maoor p a r t of the septum i s 
cons t i tu ted by the basa l outgrowth. The p lacentae hang down 
in the ovarian locu le from near the roof of the ovary (Pig . 50). 
The development of the p i s t i l in the Eubiaceae i s of 
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spec ia l i n t e r e s t . The wedge-sliaped carpel primordia extend 
c e n t r i p e t a l l y . Two such outgrowths correspond to one condup-
l i c a t e caiT»el. Thus, the re are two p a i r s o f outgrowths in a 
b i c a r p e l l a t e and th ree p a i r s in t r i c a r p e l l a t e flowers and 
so on. The t i s s u e which cons t i t u t e the inner s ide of the 
concavity of the thalamus may be regarded as the carpel 
t i s s u e . -To d i s t i n g u i s h the carpel t i s s u e from tha t of the 
thalamus i s d i f f i c u l t . The ovarian septa in the Eubiaceae 
are formed in t h e i r upper pa r t out of the carpel and in 
t h e i r lower p a r t by the p l acen ta l t i s s u e (Lloyd, 1902; 
Fagerl ind, 1937; Farooq, 1959). This i s t r u e for most of 
the Coffeoideae, although in the Coffeoideae group Psycho t r i -
eae-Goussareae the ovary i s one chambered (see Schumann, 1891 
PP« 133-155) and the placenta i s free c e n t r a l with one or 
two ovules. This condit ion i s probably produced when the 
carpel does not grow downwards t.o p a r t i t i o n the ovarian 
cavity in to l ocu l e s . One such case has been reported by 
Inamuddin (1970) in Argostemma sarmentosum as an abnormality. 
In d i f fe ren t Coffeoideae the placenta i s of d i f f e r en t he ign t , 
the re fore , the ovules are a t tached to the septum a t d i f f e r en t 
a l t i t u d e s . In forms in which the p l acen t a l outgrowth extends 
upto the ce i l i ng of the ovary, the p lacentae a re pendulous, 
v i z . , Alberteae, iinoxieae, Vangnerieae, Guettardeae and 
Ghiococceae as in M. p a r v i f o l i a . In Fsychot r ieae the placenta 
does not extend h igher than the middle of the ovary and 
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frequently i t i s so low tliat i t liardly can be observed as 
a separate foimation (see Fagerl ind, 1937)• In such cases 
the ovules appear to be a t tached to the bottom of the ovary 
as in G. t r i c o r n e . High placenta occur in Pave t t a , Hichard-
sonia, Orucianel la , Bor re r ia , Bubia, Psycho t r i a , some Asperula 
species (Fagerl ind, 1937)> 0. g r a c i l i s , P . carnea var , alba 
and P . carnea var.- coccinea. 
Some abnormal i t ies in the development of the carpel 
have been recorded in Asperula molluginoides, Phuopsis s t y lo sa , 
Galium molugo and G. vernum by Fager l ind , (1937) . In these 
cases one carpel of the flower may extend below the o ther 
carpel and both the ovules become s i t u a t e d on one s i d e . 
In Cinchonoideae early s tages of development of the 
p i s t i l c losely resemble those which occur in the Goffeoideae. 
Here, the placenta i s s t rongly developed, which s p l i t s on i t s 
apex and the septa grow down in the p l a c e n t a l su ture (or su tu-
r e s ) . Thus each ovarian locule receives one branch of the 
placenta which i s massive and frequently a s ta lked formation. 
In d i f fe ren t biotypes of the Cinchonoideae the p l a c e n t a l 
f i s su r e takes p lace a t d i f f e r en t h i g h t s . I t may be knob-l ike 
(P.carnea var . alba and P . carnea var . coccinea) or s h i e l d -
shaped (p. g r a c i l i s ) or pendulous (M. p a r v i f o l i a ) . However, 
in Melanopsidium (Fager l ind, 1937), the placenta i s s ta lked 
and a r i s e s from the septxim. A s imi la r condit ion i s met with 
in Cinchona and Heterophyllaea (see Schumann, 1891). 
13. 
THE DEVELOPMENO} Qg MICRQSPORAiaGIUM 
There is parallelism in the development of tiie anther 
wall layers in the taxa described in the present communication, 
therefore, the following description is applicable to all of 
them, unless otherwise mentioned. 
The hypodermal archesporium differentiates at the 
four corners of the young anther. The archesporial cells 
are recognized by their dense cytoplasmic content and 
prominent nuclei (Figs. 66, 85, 90, 96, 105). The archespo-
rial cells divide periclinally producing two. layers of cells. 
The inner is the sporogenous and,the outer one primary 
parietal layer (Figs. 67, 84, 85, 91, 97, 98, 105, 107). 
In one exceptional case in 0. gracilis one of the sporoge-
nous cells is seen dividing. This will increase the number 
« 
of sporogenous cells (Fig. 85). Periclinal division of 
the primary parietal layer gives rise to the outer and 
inner parietal layers (Figs. 68, 92). The inner differentiates 
as the tapetum and the outer one again divides in a similar 
plane. The outer cell layer thus produced differentiates 
as the endothecium and the inner on.e is the middle layer. 
Therefore, the endothecial.and middle layers are sister 
layers (Figs. 69, 87, 99). Three sell layers intervene the 
epidermis and the sporogenous layer (Figs. 70, 72, 87, 93, 
101, 108). Thus the anther wall development conforms to the 
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Dicotyledonous type of Davis (1966). 
Some v a r i a t i o n s in the development of tJie anther 
wall layers in the present mate r ia l s have heen observed. 
The inner p a r i e t a l l ayer which d i f f e r e n t i a t e s as the 
tapetum may sometimes undergo p e r i c l i n a l d iv i s ion in 
0. g r a c i l i s and P. carnea var . alba (F igs . 86, 100). In 
such cases the t a p e t a l and middle l aye r s would be s i s t e r 
l a y e r s . A 2-layered endothecium may occur in G. t r i c o r n e , 
1. undulata, 0. p : rac i l i s , M. pa rv i fo l i a and P . carnea var . 
alba (Figs. 11^ 82, 95, 104). At p laces the endothecium 
on the connective s ide i s 3-layered in 0. g r a c i l i s (Fig . 89) 
and P . carnea var . coccinea (Fig. 113). After the formation 
of the three anther wall l a y e r s , some c e l l s of the middle 
layer may undergo p e r i c l i n a l d iv i s ion in G. t r i c o r n e , 
!!• carnea var . alba and P. carnea var . coccinea (Figs . 71» 
101, 109). The tapetum a t p laces may become 2-layered in 
the biotypes described here (Figs . 74, 78, 88, 94, 103, 111), 
In advanced s tages the epidermal c e l l s of the anther 
become t angen t i a l l y elongated. I t s c e l l s possess prominent 
nucle i but scanty cytoplasm. The endothecial c e l l s a re 
1-nucleate and occasional ly 2-nucleate in G. t r i c o r n e 
(Fig . 77) and 2-. to 3-nucleate in I . undulata (Fig. 8 l ) . 
Inner fibrous thickenings are l a id down in the endothecial 
c e l l s (Figs . 8 1 , 82, 89, 95, 104, 113), al though in 
G. t r i co rne these thickenings a re absent (F igs . 73, '7'^). 
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Tile middle l ayer cons i s t s of narrow t a n g e n t i a l l y elongated 
c e l l s . Usually i t degenerates a t the time of formation or 
l i b e r a t i o n of the microspores. In P . carnea var . a lba , 
tihe c e l l s of the middle l aye r , although famished, may 
p e r s i s t when the pol len grains have reached the 2-nucleate 
s tage (Fig. 104). The 1-layered tapetum has 1-nucleate 
c e l l s (Figs. 73, -79, 88, 102, 110)i Occasionally the 
t a p e t a l c e l l s may become 2-nucleate in G. t r i c o m e (Fig . 73) 
and P . carnea var . alba (Fig. 102). The tapetum i s glandular 
in na tu re . The t a p e t a l c e l l s a re t a n g e n t i a l l y elongated in 
! • undulata (Figs . 78, 79) , 0. g r a c i l i s (Fig . 88) and 
M. -parvifolia (Fig . 9^) , and r a d i a l l y elongated in G. t r i c o m e 
(Figs . 73, 75) , P . carnea va r . alba (F igs . 102, 105) and 
P . carnea var . coccinea (Figs . 110, 111). The r a d i a l l y 
elongated t a p e t a l c e l l s extend out i n to the pol len chamber 
and t h e i r inner t angen t i a l walls may gradual ly d i sorgan ize , 
leading to the formation of periplasm odium i n G. t r i c o r n e 
(Fig, 75)• Tapetal periplasmodivLia occas ional ly occurs in 
G. t r i co rne (F igs . 7'?-77) •> I . undulata (Fig . 80) , M. p a r v i -
fo l ia (Fig. 95) , P . carnea var . alba (Fig . 104) and P . carnea 
var . coccinea (Fig. 112). Ubisch granules adhering to the 
surface of the microapores have been observed in G. t r i c o r n e 
(Fig. 76) and P . carnea var . coccinea (Fig . 112). The 
tapetum i s disorganized and disappears by the time when 
the microspore nucleus undergoes d i v i s i o n . 
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Pagerliad (1937) studied the development of anther 
wall layers in G-alium, Bouvardia and Houstonia and found' 
that the middle and endothecial layers are sister layers. 
In many cases he found that apparently the tapeta1 and 
middle layers looked like sister layers. He considers that 
this impression is created due to considerable swelling of 
the cells of_^ the outer parietal layer at the time of division. 
According to Hakansson (l925) in the Umbelliflorae the 
tapetum and the middle layers of the anther wall are sister 
layers. In view of the assumption that the Umbelliflorae 
and the Eubiales are closely allied, Fagerlind (1937) 
expressed the need of intensive work in the Eubiaceae. to 
reach a definite conclusion in regard to this feature. 
In the investigated Bubiaceae the endothecial and 
middle layers are sister layers and the anther wall develop-
ment conforms to the Dicotyledonous type of Davis (1966). 
However, in 0. gracilis and P. carnea var. alba, the inner 
parietal layer, which normally differentiates as the tapetum, 
may rarely divide periclinally to produce the middle layer-
a feature of the Monocotyledonous type of anther wall 
development. 
A 2- to 3-layered endothecium may occur in Tarenna 
asiatica (Pierpaoli, 1916-1917; Periasamy and Parameswaran, 
1965) and Mannettica bicolor (Garniel, 1952), and occasion-
ally in Spermadictyon suaveolens, Paederia scandens, Antho-
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ceyhalus cMnensis, Riciiardia brasiliensis (Inamuddin, 1970), 
and in the present materials. Sometimes, it is 5-layered 
in Argostemma sarmentosum (Inamuddin, 1970). i'ibrous 
thickenings occur in the endothecial cells in most of the 
investigated Bubiaceae, although these are absent in 
Hydrophylax maritima (Ganapathy, l956a), Faederia BCandens 
(Inamuddin, 1970) and G. tricorne. There are two middle 
layers in Tarenna asiatica (Periasamy and Parameswaran, 1965)i 
and occasionally at places in Argostemma sarmentosum, 
Speimadictyon suaveolens (Inamuddin, 1970), G. tricorne, 
£• cai'P.ea var. alba and P. carnea var. coccinea. According 
to Davis (l965) increase in the number of anther wall layers 
in dicotyledonous plants shows a primitive tendency. 
The tapetum is 1-nucleate in Stephegyne (Eamam, 195^), 
Hamelia patens, Rubia cordifolia (Venkateshwarlu and Eao, 
195^, 1958), Hydrophylax maritima (Ganapathy, 1956a), 
Qldenlandia corymbosa (Farooq, 1958), Knoxia corymbosa 
(Shivaramiah and Ganapathy, 1961), Qphiorrhiza harrisiana 
(Gopinath and Ghennaveeraiah, 1961), Tarenna asiatica 
(Periasamy and Parameswaran, 1965), Qldenlandia dichotoma, 
Borreria stricta (Siddiqi and Siddiqi, I968a, 1968b), 
Oldenlandia nudicaulis (Parooq and Inamuddin, 1969), Antho-
cephalus chinensis, Argostemma sarmentosum. Richardia brasi-
liensis, Paederia scandens, Spermadictyon suaveolens (Inam-
uddin, 1970). Eaghavan.and Srinivasan (194-1) reported 
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division of tlie tapetal nuclei and their subsequent fusion 
in Sxiermacoce Mspida, but Farooq (1959) considers it to 
be a misinterpretation. Occasional presence of 2-nucleate 
tapetal cells in Spermadictyon suaveolens and Anthocephalus 
cMnensis has been reported by Inamuddin (1970) as it occurs 
in G, tricorne and P. carnea var. alba. The tapetum in the 
investigated Eubiaceae is of the Glandular type. Juel (1915) 
observed that the tapetal cells of Galium cruciata send out 
pseudopodial appendages into the pollen chamber. A similar 
phenomenon occurs in radially elongated tapetal cells of 
G. tricorne, P. carnea var. alba and P. carnea var. coccinea. 
It appears that sporadic occurrence of tapetal periplasmo-
dium is not a rare phenomenon in the Subiaceae. It occasion-
ally occurs in Anthocephalus chin en sis and Arp;ostemma saimen-
tosum (Inamuddin, 1970), M. parvifolia, P. carnea var. alba 
and P. carnea var. coccinea. The anther periplasmodium of 
A, chinensis (Inamuddin, 1970) conforms to the Sagetaria 
type of Claussen (l927), while that of A. sarmentosum 
(Inamuddin, 1970) is peculiar and can not be described by 
the usual terminology. Here, the tapetal cells increase in 
size and the radial walls of the adjacent cells disorganize 
producing pouches of variable size which contain a coenocytic 
mass. Later, these pouches get detached from the middle 
layer and 'wander' into the anther locule. i'inally they 
are consumed by the developing pollen grains. It appears 
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that tile anther periplasm odium does not occur in those foims 
in which the tapetal cells are tangentially elongated. The 
presence of Ubisch granules in G. tricorne and P. carnea 
var. coccinea is the first record in the family. 
The anther wall development has been considered to he 
of considerable taxonomic importance, in determining the 
affinities between the families and evolutionary trends 
within a family (Schnarf, 1929; Bavis, 1966). 
20. 
MICRQSPQEOGENBSIS, MIGRQSPQEE TETRADS Al^ D DEVELOPMENT 01-
MALE GAMETQPHYTE 
MierosporoKenesis; 
Before the meiotic divisions begin, the cytoplasm of 
tlie microspore mother cell becomes appreciably dense in all 
the species described here. A very thick cellulose deposi-
tion takes place on the inner side of the original wall of 
the microspore mother cell in G-aliixm trieorne, Oldenlandia 
gracilis, Pentas carnea var. alba and P_^  carnea var. coccinea 
(i-igs. 114, 14-0, 167, 191). The cellulose thickening is 
rather feeble in Ixora luidulata and Mitrapyna parvifolia 
(Pigs. 128, 157); Meiotic divisions in the microspore 
mother cells are of the simultaneous type in 0. gracilis, 
M. parvifolia, P. carnea var. alba and P. carnea var. 
coccinea (Eigs. 141-143, 158- 160, 168, 169, 171, 192, 193). 
The first meiotic division alone could be observed in 
&• tricorne (Fig. 115). Meiotic divisions in the microspore 
mother cells in I. undulata could not be observed, although 
microspore tetrads are formed. Sometimes the division in 
the microspore mother cells in all the four chambers of the 
same anther may not take place simultaneously. In 0. graci-
lis the nucleus of some microspore mother cells is in the 
resting state, while in others meiosis I and II have already 
been completed. This phenomenon is rather frequent in 
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p, carnea var. alba and P. carnea var. coccinea. Cytokine-
sis has been observed in M. parvifolia, P. carnea var. alba 
and P. carnea var. coccinea wliich. takes place by centripe-
tally advancing constriction furrows (Figs. 161, 171, 195, 
194-). Tile furrows meet at the center to produce the 
microspore tetrads. Microspore tetrads could not be seen 
in M. parvifolia. 
Microspore tetrads: 
Generally microspore tetrads are tetrahedral (Figs. 116, 
129-131, 144, 170, 195) and occasionally isobilateral in 
G, tricorne, P. carnea var. alba and P. carnea var. coccinea 
(Figs. 117, 172, 197)• The microspores may occasionally 
exhibit decussate arrangement in _G. tricorne, I. undulata 
and P. carnea var. alba (Figs. 118, 132, 173)- Ehomboidal 
microspore tetrads occur frequently in 0. gracilis and 
P. ca rnea var. coccinea (Figs. 14-5, 196). Rarely T-shaped 
tetrads occur in P. carnea var. coccinea (Fig. 198). One 
tetrad in 0. gracilis h^s a peculiar arrangement of the 
microspores. Two microspores are situated side t>j side, 
while the other two are at right angles to them. Tiie 
latter two which have separated are rounded and overlap 
each other (Fig. 146). Another type of microspore tetrads, 
which are quite frequent in 0. gracilis, have three rounded 
microspores of equal size in one plane, while the fourth 
one is the biggest. All the microspores are enclosed within 
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•fciie motiier cell wall although free from each other (Pig. 147). 
The development of the male Kametophyte: 
The wall of the microspore mother cell disintegrates 
and the microspores are liberated into the pollen chamber. 
In some cases in P. carnea var. alba, the microspores 
remain adhering together after the dissolution of the -
mother cell wall and maintain their tetrahedral, decussate 
and rhomboidal arrangements (Figs. 17^-—178). I'hese do not 
appear to be the cases of chance grouping of microspores. 
The young liberated microspores are ellipsoidal in 
outline in 0. gracilis and P. carnea var. alba (Figs, 146, 
179). However, older microspores become rounded (Figs. 119, 
133, 162, 180). As they grow in size a big vacuole appears 
in the microspores of G. tricorne (Fig. 119), 0. gracilis 
(Figs. 149, 150) and P. carnea var. alba (Fig. 180). Later, 
the microspores become densely cytoplasmic, possess prominent 
nucleus and the vacuole disappears (Figs. 120, 13$, 151, 
162, 181, 199)• Starch grains begin to accumulate in the 
old microspores of G. tricorne, I. undulata and P. carnea 
var. alba (Figs. 120, 137, 181). Hour-glass-shaped micro-
spore is present in P. carnea var. alba in one case (Fig. 
183). In some microspores the growth is retarded and they 
remain of micro size in P. carnea var. alba and P. carnea 
var. coccinea (Figs. 182, 200). 
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Tile exine of ttie pol len grains i s rgtlaer moderately 
th ick and smooth in the biotypes described he re . There 
a re 4-6 r idges and furrows a t the equator of the po l len 
gra ins in G. t r i c o r n e (F igs . 120-122), 5 i a ! • xmdulata 
(Fig . 138), 4-5 in 0. g r a c i l i s (Figs . 149-155), 5 i a 
M. -paiTVifolia (Figs . 165-166), 2-4 in P . carnea var . alba 
(Figs . 181, 184, 185, 186) and $ in P . carnea var. coccinea 
(Fig . 199). "^ iie furrows are ac tua l gaps in the exine from 
which the i n t i n e extends out in I . xmdulata (Fig. 158), 
0- g r a c i l i s (F igs . 151-155), M. par-vifolia (F igs . 165-166), 
P . carnea var . alba (Figs . 184-186), and P. carnea var . 
coccinea (Fig. 201). The d iv is ion of the microspore 
nucleus r e s u l t s i n a la rge vege ta t ive and a small generat ive 
nucleus (Figs . 154, 152, 155, 165, 184, 185). Occasionally 
both the nucle i of a 2-nucleate pol len grain may be equal 
in s i ze in G. t r i co rne (F igs . 121, 122), 0. g r a c i l i s (Fig . 
154), M. -parvifolia (Fig. 165), P . carnea va r . alba (Fig . 186), 
and P, carnea var . coccinea (Fig. 202). In these cases i t i s 
d i f f i c u l t to d i s t ingu i sh the generat ive from the vege ta t ive 
nuc leus . Sometimes the nuc le i in the pol len grain of 
P . carnea var . alba may degenerate p r i o r to an thes i s (Fig. 
187). 
A generat ive c e l l i s organized on one s ide of the 
po l l en grain (Figs . 123, 155, 155, 164, 188, 205). I t i s 
separated from the general cytoplasm by a hy l ine cytoplasmic 
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Streak. Tlie d iv i s ion in th.e generat ive nucleus gives r i s e 
to two small sperm'nuclei (F igs . 124, 125, 156, 137, 156, 
166, 189, 204-). Usually the cytoplasmic s t r eak , which 
de l imi t s the generat ive c e l l , disappears before the 
generat ive nucleus undergoes d iv i s ion , al though, sometimes 
the generat ive nucleus in I . undulata divides within the 
generat ive c e l l (Fig. 136)» Starch grains general ly begin to 
accumulate a t the 2-nucleate s tage of the pol len g r a in s . 
The mature pol len grains a t the time of shedding a re 
3-nucleate (Figs . 125, 137, 159, 156, 166, 189, 204). 
In G, t r i c o r n e the po l len grains are of two s i z e . 
Strangely enough the l a r g e r pol len grains degenerate (F igs . 
126, 127), while the smaller ones remain v iab le (Fig . 125)• 
In an exceptional case a po l len grain has germinated i n s i t u 
i ^ £• carnea var . alba (Fig. 190). 
The meiotic d iv i s ions in the microspore movixer c e l l s 
i n the inves t iga ted Bubiaceae are of the simultaneous type. 
Cytokinesis takes place by c e n t r i p e t a l l y advancing c o n s t r i c -
t i on furrows. Tetrahedral microspore t e t r a d s are of 
general occurrence in the family and in the biotypes 
described here . Occasionally decussate microspore t e t r a d s 
occur in Borreria hispida (Farooq, 1959), Knoxia corymbosa 
(Shivaramaiah and Cianapathy, 1961), Rondeletia amoena 
(Shivaramaiah and Dutt, 1964), Qldenlandia dichotoma, 
Borreria s t r i c t a (Siddiqi and S idd iq i , l968a, 1968b), 
25. 
Anthoc epJaa lus cMnens is , ArKostemma sarmentosum, Sperma-
dictyon suaveoleiis, Paederia scandens and Richardia "brasi-
l i e n s i s (Inamuddin, 1970), G. t r i c o r n e , I . undulata and 
P. carnea var . a lba . Barely i s o b i l a t e r a l t e t r a d s occur i n 
Stephegyne parv l f lo ra CEamam, 195^), Hydrophylax maritima 
(Ganapathy, I956a)» Rabia cord i fo l ia (Venkateshwarlu and 
fiao, 1954, 1958), Galium asperifolium (.Parooq, i960)," 
Tarenna a s i a t i c a (Periasamy and Parameswaran, 1965)? 
Spemiadictyon suaveolens, Richardia b r a s i l i e n s i s (Inamuddin, 
1970), G. t r i c o r n e , P . carnea var . alba and P . carnea var . 
Goccinea. Bhomboidal t e t r a d s sometimes occur in Hydrophylax 
maritima (Ganapathy, 1956a), Oldenlandia dichotoma (Siddiqi 
and S idd iq i , l968a) , Anthocephalus ch inens i s , Argostemma 
saiaientosum (Inamuddin, 1970), 0, p;raGilis and P. carnea 
var . coccinea • fia'rely T-shaped microspore t e t r a d s occur in 
Argostemma sarmentosum, Spermadictyon suaveolens, Paederia 
scandens (Inamuddin, 1970) and P. carnea var . coccinea. The 
microspores which remains adhered toge ther a f t e r the d i s s o -
lu t i on of mother c e l l wall as sometimes occurs in P . carnea 
var . a lba , i s a r a re phenomenon. 
No c r i t i c a l examination of the morphology of the 
exine of the pol len gra ins of rubiaceous p l a n t s has been 
done so fa r . Schumann (1891) a s s e r t s that- among o t h e r s , the 
Kubiaceae a lso i s charac ter ized by the small s i ze of po l len 
g r a in s . However, i t can not be genera l ized, because 
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Psychot r ia , Hichardsonia, Myimecodia and Borreria have b ig 
pol len g ra ins . Tlie somewliat hour-glass-shaped po l len gra ins 
of Myrmecodia are among the biggest in the p lan t kingdom 
(see Pagerl ind, 1937). I t i s t rue t h a t the pol len gra ins 
of the Coffeoideae are bigger and show a great v a r i e t y of 
forms than those of the Cinchonoide^e which a re charac te r ized 
by small s i ze of pol len g r a i n s . 
In the Ginchonoideae the pol len gra ins a re almost 
spher ica l and t r i c o l p a t e . Rarely, 4 or 5 germ pores may 
be present in the pol len gra ins of Oldenlandia dichotoma 
(Siddiqi and S idd iq i , 1968a) and _0. g r a c i l i s and 5-4 in 
£• carnea var . a lba . The pol len gra ins in the Coffeoideae 
possess 4-18 germ pores a t the equator, v i z . , Richardsonia 
p i l o s a , Leptodermis p i losa (ffagerlind, 1937)» Rubia co rd i -
fo l i a (Venkateshwarlu and Rao, 1954, 1958)» Borrer ia hispida 
(Farooq, 1959) a i^^  Borreria s t r i c t a (Siddiqi and S i d d i q i , 
I968b), although in Spermadictyon suaveolens and Paederia 
scandens (Inamuddin, 1970) the pol len gra ins a re t r i c o l p a t e 
and occasionally t e t r a c o l p a t e . In G. t r i c o r n e the po l len 
grains show 4-6 germ pores . 
The pol len grains in the family a re shed a t 3-nucleate 
s tage , although in Hydrophylax maritima (Ganapathy, 1956a), 
Qphiorrhiza ha r r i s i ana (Gopinath and Chennaveeraiah, I 9 6 l ) , 
Tarrena a s i a t i c a (Periasamy and Parmeswaran, 1965) and 
Spermadictyon suaveolens (Inamuddin, 1970), the po l len 
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grains are shed a t 2-iiucleate s t age . Bare cases of genaina-
t ion of pol len grains in s i t u occur in OlcLenlandia corymbosa 
(ffarboq, 1958)» Oldenlandia dichotoma (Siddiqi and S i d d i q i , 
l968a) , Antiaoceplialus cMnensis (Inamuddin, 1970) and 
P. carnea var . a lba . 
28. 
THE OVULE 
Galiuja trieorne; 
The placental outgrowth, initiates at the bottom of the 
ovary as a massive formation. The growth at its apex is • 
arrested later, consequently it becomes partially divided 
into two parts at its apex. The septum which is extended 
down from the roof of the ovaiy meets the placenta at the 
point of its apical depression. Thus, each ovarian chamber 
receives one branch of the placenta which is entirely 
consumed in the construction of the ovule. In the beginning 
the ovule is almost upright formation. Later, it undergoes 
gradual curvature to assume the anatropous form (Figs. 206, 
207, 209-211, 213) • Tb.e vascular supply terminates at the 
base of the ovule. 
The archesporium begins to differentiate prior to the 
initiation of the integument (Fig. 205). The nucellar 
epidrmal cells are marked out when the surrounding epidermal 
cells undergo periclinal divisions as a mark of initiation 
of the integument. The latter grows upwards in a ring-like 
fashion (Figs. 206, 207) enclosing a long delicate micropylar 
canal (Figs. 209- 211). The inner epidrmal cells which 
enclose the micropylar canal have columner arrangement, are 
glandular in nature and possess dense cytoplasm in which a 
good quantity of starch grains is present. Their nuclei 
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are quite prominent. &arelj, some of tiiese cells become 
bi-nucleate (i^ ig. 208). In other words, endothelium is 
differentiated in the ovules of the taxon. The nucellus 
consists of 2 to 4 cells which have crescent-like arrange-
ment (Jigs. 208-212). The nucellus persists till late 
stages of embryo sac development (Fig. 211). The multi-
Gellular_archesporium is bordered by radially elongated 
somatic cells which resemble the archesporial cells to such 
an extent that veiy often it is difficult to distinguish 
between the two. These degenerate after the formation of 
megaspore tetrads and their cell contents are used up by 
the developing megaspores. These could be considered to 
be the chalazal nutritive tissue (Fig. 212). 
Ixora undulata; 
The initiation and early development of the ovule in 
the taxon greatly resemble to those of G, tricorne. The 
curvature of the ovule results in the hemianatropous 
configuration (Pigs. 214-218). The definitive form of the 
ovule is reached prior to the beginning of meiosis in the 
archesporial cells (fig. 214). A formation appears on the 
funicular side of the ovule at an early stage, which 
ultimately covers the entire raphe side of the ovule. It 
has been termed as 'strophiola'. The latter is demarcated 
a 
from the integumental tissue b^ ?^  layer of cells which contain 
dense cytoplasmic content and prominent nuclei. Some of 
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these cells contain tanin granules. In one instance, there 
is a well defined notch on the micropylar side of the 
'strophiola (Fig. 2-14). It appears to "be the beginning of 
another formation. The vascular supply enters the funiele 
and extends into the chalazal side of the strophiola. 
Six to 8-celled nucellus covers the 1 to 2~celled 
archesporiTim like a tube (Pigs. 214, 215)• Ihe nucellus 
starts degenerating at 2-nucleate stage (Fig. 215) and 
disappears at the 4-nuGleate stage of the sac (Figs. 217, 
218). 
Qldenlandia gracilis; 
The rudiments of the ovules are marked out on the 
originally smooth surface of the massive placenta when some 
hypodermal cells become radially elongated at places. 
These cells acquire dense cytoplasmic cont.ents (Fig. 2l9). 
The epidermal cells of these regions divide anticlinally 
and the hypodermal ones in varied planes resulting in the 
formation of protuberances (Fig. 220), These are the 
fundaments of the ovules. The ovules are initially upright. 
Later, they undergo curvature and at the megaspore tetrad 
stage assume the hemianatropous configuration (Figs. 221, 
222). The ovules, maintain this form till 2~nucleate stage 
of the sac (Fig. 223). At the 4--nucleate stage of the sac 
it somewhat simulates the anatropous form (Figs. 224, 225) 
and could be called anacampylotropous ovule. One ovule 
5 1 . 
containliiS 2-iiueleate embiyo sac , i s ortliot;ropous. Probably 
i t iias fa i led to "iinciergp cur-y.ature,„because of the obs t ruc-" 
t i on caused by the adjoining ovule (Fig . 226). 
The i n i t i a t i o n of the integument ahd formation of the 
of 
micropylar canal a re s imi l a r to those / the two species 
described above (F igs . 221-223)• The micropylar canal i s 
s t r a i g h t in the beginning. I t becomes s t rongly curved 
when the ovule a t t a i n s campylotropous form (Fig . 224). 
The c e l l s which l i n e the micropylar canal appear to be 
secre tory in n a t u r e . Some of i t s c e l l s may divide p e r i c l i -
na l ly (Fig- 224). 
Mitrapyna parvifolia. Pentas carnea var. alba and P. carnea 
var. coccinea: 
The initiation of the ovule primordia in the biotypes 
simulates that of the 0. g:racilis (Figs. 239, 240). The 
ovules begin to curve veiy early. Ovules containing 
archesporial cell ( or cells) attain their definitive form 
in M. parvifolia (Pig. 22?) and at the 2-nucleate embryo 
sac stage in P. carnea var. alba (Fig 254) and P. carnea 
var. coccinea (Fig. 245). Further development in the ovules 
is merely increase in their size (Figs. 228-251, 255, 255, 
244, 245). The ovules are hemianatropous (or orthocampylo-
tropous) in these species. The initiation of the integument 
and formation of the micropylar canal in P. carnea var. alba 
and P. carnea var. coccinea does not exhibit any new feature 
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(F igs . 252, 253, 241, 242). At maturi ty the clialazal p a r t 
of tlie ovule in M. pa rv i fo l i a becomes rounded and i s veiy 
massive ( l i g . 231)? wMle in P . carnea var . alba the ovule 
t ape rs a t both of i t s ends (Fig. 256)• In P . carnea va r . 
coccinea the chalazal end of the ovule i s rounded but not 
massive (Fig. 245). The nucel lus i s represented by 3 "bo 
4 c e l l s in M. pa rv i fo l i a (F igs . 227, 228), 1.» to 2.- c e l l s 
i ^ £• carnea var . alba (Figs . 252, 235) and P . carnea var . 
coccinea (Figs . 240, 241). The nucel lus degenerates by the 
time the embryo sac becomes 2-nuGleate in M. pa rv i fo l i a 
(Fig . 229), a t the megaspore t e t r a d stage in P . carnea var . 
alba and P . carnea var . coccinea (Figs . 255, 242). 
One ovule in P . carnea var . alba i s or thotropous. I t 
contains a 2-nueleate embryo sac . The ap ica l pa r t of the 
sac i s extended out i n t o the ovarian cavity beyond the 
l i m i t s of the integument (Fig . 237). Another orthotropous 
ovule contains a degenerated mature embiyo sac (F ig . 238). 
In an exceptional case i t appears tha t the primordia x • 
of two ovules have fused together in P. carnea va r . 
coccinea. There are two micropyles and two embryo sacs , 
one has a 3-cel led egg appara tus , th ree ant ipodes and two 
po la r n u c l e i , while the other QHQ i s 7 -nuc lea te with 
5-cel led egg appara tus , two antipodes and two po la r nuc le i 
(Fig . 246). 
Schleiden (1857) i s the e a r l i e s t worker who described 
the ovules in the Jiubiaceae as anatropous with naked nucel lus 
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(nucleus nudus). Tiie integument being absent. As pointed 
out by Warming .Cl878^ X,.Sclileiden. (l83,7j missed to observe 
tile delicate micropylar'canal formed by the massive integu-
ment in rubiaeeous ovules. Houstonia is the only genus 
of tbe family in wMcii the ovules are undifferentiated. 
According to Lloyd (1902) "The topographic relations of a 
placenta in Houstonia and an ovule in the Galieae are the 
same and no differences have been observed, in their origin". 
This would be most interesting condition if true. 
In the Eubiaceae the ovules are tenuinucellate, 
unitegminal and anatropous or hemianatropous as in the 
forms described here. In Knoxia corymbosa circinotropous 
ovules have been reported (Shivaramiah and U-anapathy, 1961). 
Grthotropous ovules rarely occur in Argostemma saimentosum 
(inamuddin, 1970), P. carnea var. alba . Anacampylotropous 
ovules (Bocquet, 1959) occur in 0. gracilis alone. 
Lloyd (1902) has reported the development of a special 
formation on the funicular side of the ovule of Richardsonia 
and Diodia and called it "strophiola". Goebel (1923) calls 
all the accessory covers of the ovules as "arillus" but 
Wettstein (1924-) reserves the term strophiola for pre-ferti-
lization formations of the ovules. Strophiola has been 
reported in diverse families, with different structure and 
functions, in other words they are not homologous structures. 
The presence of strophiola in the ovules of the Jfiubiaceae 
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is not a consistent feature. It mostly occurs in the 
Guettardeae, Psycliotrieae, Ixoreae, Paederieae, Anthosper-
meae and Spermacoceae. In the Cinchonoideae, it is present 
in the ovules of those species of the genus Ce-phalanthus 
which have monospermous fruit chambers. The highest 
development of the strophiola occurs in Tricalysia where 
it is bigger than the rest of the ovule, enclosing the 
latter almost completely. Least developed strophiola 
0GCur4fin Fsychotria emetica (Fagerlind, 1937) in which it 
appears as an unimportant swelling. In 1. undulata it 
covers the entire funicular side of the ovule. The 
vascular supply enters the strophiola and extends into its 
chalazal side only, although in Diodia virginiana the 
vascular supply extends to the micropylar side also 
(Lloyd,(1902), PL 12. Figs. 2, 8, 9). According to 
Fagerlind (l957) the strophiola in the Eubiaceae is the 
second integument because it arises from the base of the 
ovule and stems from the funiculus. If it is true, the 
initiation of another formation on the micropylar side of 
the strophiola in I. undulata is quite interesting. 
Differentiation of endothelium occurs in the ovules 
of Grucianella (Fagerlind, 1937^ Ophiorrhiza harrisiana 
(G-opinath and Chennaveeraiah, 1961), Spermadictyon suaveolens 
(Inamuddin, 1970), G. tricorne and 0. gracilis. Nutritive 
tissue differentiates at the chalaza in Grucianella (Lloyd, 
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1902), Spermadictyon suaveolens.. Paederia scandens, 
Ricliardia b r a s i l i e n s i s (Inamuddin, 1970) and Q* t r i c o r n e . 
However, Fagerl iad (1937) considers the n u t r i t i v e c e l l s 
wMcli surround tiie archesporium as subsidiary arc i iespor ia l 
c e l l s . He has reported the d iv i s ion of some of these c e l l s 
but megaspore t e t r a d s a re never formed, 
Pagerlind C1937) d i s t ingu ished s ix types of nuce l lus 
in the inves t iga ted Hubiaceae on the bas i s of the niimber 
of nuce l l a r epidermal c e l l s , shape and t h e i r arrangement. 
The nucel lus in G. t r i c o r n e conforms to the Va i l l an t i a type. 
of 
P h y l l i s t y p ^ n u c e l l u s occurs in I . undulata and Bouvardia 
type in M, p a r v i f o l i a , P . carnea va r . alba and P . carnea 
v a r . coccinea. 
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THE FEMALE ARGHESPQRIUM 
Before tlie i n i t i a t i o n of t h e in tegument , one o r more 
Jaypodermal c e l l s s i t ua t ed ; a t t h e apex of t h e ovule pr imordium, 
become dense ly cy top l a smic , c o n t a i n cospicuous n u c l e i and 
a t t a i n a l a r g e r s i z e than t h e su r round ing c e l l s . This i s 
t h e female archespor ium ( F i g s . 24-7, 2 5 0 ) . 
The archespor ium i s m u l t i c e l l u l a r i n G. t r i c o r n e 
c o n s i s t i n g of more t han a dozen c e l l s ( F i g . 248) . Occas ion-
a l l y t h e somatic c e l l s which sur round t h e a rchespor ium, 
assume t h e c h a r a c t e r i s t i c s of a r c h e s p o r i a l c e l l s . However, 
they do no t d i v i d e ( F i g . 24-9). I n G. t r i c o r n e , r a r e l y 2 - o r 
1 - c e l l e d archespor ium has been no ted ( F i g . 2 5 0 ) . I n t h e 
remain ing taxa d e s c r i b e d h e r e t h e a rchespor ium i s 1 - c e l l e d 
( F i g s . 251 , 254-, 258, 2 6 1 , 2 6 5 ) , and r a r e l y 2 - c e l l e d ( F i g s . 
253> 255» 259)* I t s c e l l s may be d i sposed l i n e a r l y one above 
t h e o t h e r i n G. t r i c o r n e , I . u n d u l a t a , 0 . g r a c i l i s and 
M- p a r v i f o l i a ( F i g s . 250, 253 , 257, 259 ) , o r they may l i e 
s i d e by s i d e a l6ng t h e i r l eng th ' i n I , u n d u l a t a , 0 . g r a c i l i s , 
? • caJ^Jiea v a r . a lba and P . carnea v a r . coccinea ( F i g s . 252 , 
256, 262, 2 6 4 ) . 
According t o F a g e r l i n d ( l 9 3 7 ) t h e r e a r e 200 a r c h e s p o r i a l 
c e i l s i n one ovule of Aspeirula a r c a d e n s i s and about 100 i n 
Galium moHugo. In G a l l i p e l t i s c u c u l a r i a the-number of 
a r c h e s p o r i a l c e l l s i s s t i l l l a r g e r bu t they a r e s h o r t e r 
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(Lloyd, 1902). There are 12-15 arcl iesporial c e l l s in the 
ovules of Y a i l l e n t i a , Sherardia , Crucianella and Galium 
(Lloyd, 1902) as in Galium t r i c o r n e . In other i nves t iga t ed 
Goffeoideae the archesporium i s very much reduced. In 
Diodia verginiana i t i s 6-ce l led and 1- to 2-ce l led in 
D. t e r i s , (Lloyd, 1902), Borreria species (Raghavan and 
Sr in ivasan , 19-^1; Earooq, 1959; Siddiqi and S idd iq i , 1968b), 
Paederia scandens, Spermadictyon suaveolens (InamuddiM, 1970) 
and I , undulata . Thus a sequence of reduction i n the 
number of a rchespor ia l c e l l s i n the Goffeoideae i s t r a c e a b l e . 
Presence of subsidiary a rchespor ia l c e l l s has been reported 
in some Goffeoideae. In Asperula arcaidensis the re i s no 
c l ea r d i s t i n c t i o n between the a rchespor ia l and the 
subsidiary c e l l s ( Jager l ind , 1937)• 
In the Cinchonoideae the archesporium i s l - J c e l l e d as 
in Houstonia (Lloyd, 1902), Oldenlandia species (Baghavan 
and Eangasvramy, 19^1; Farooq, 1958; ^arooq and Inamuddin, 
1969; Siddiqi and S idd iq i , l968a) , Anthocephalus ch inens i s , 
Argostemma sarmentosum (Inamuddin, 1970), 0. g r a c i l i s and 
M. p a r v i f o l i a . Presence of subs id iary a rchespor ia l c e l l s 
has been reported i n two members of the Cinchonoideae, 
namely Houstonia (Lloyd, 1902) and Anthoce-phalus chinensis 
(Inamuddin, 1970). 
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MEGASFORQGENESIS AHD MEGASPQHE TETBADS 
The a r c h e s p o r i a l c e l l ( o r c e l l s ) d i r e c t l y f u n c t i o n s 
a s t i le megaspore mother c e l l . Ho wa l l l a y e r s a r e cut of f . 
I t d i v i d e s t r a n s v e r s e l y t o form t h e dyads ( E i g s . 269, 280-
283 , 292, 295, 296, 304, 505 ) . The dyads d i v i d e t o p roduce 
t h e megaspore t e t r a d s . Sometimes t h e d i v i s i o n - i n . t h e 
m i c r o p y l a r dyad l a g s behind i n P . carnea v a r . a lba ( F i g . 297) 
or t h e nuc l eus i n t h e c h a l a ^ l dyad shows t e l o p h a s e s t a g e , 
whi le t h e format ion of two megaspores i n t h e m i c r o p y l a r 
dyad h a s been completed ( F i g . 2 9 8 ) . 
Normally t h e megaspore t e t r a d s a r e l i n e a r ( F i g s . 265 , 
266, 270-273 , 284, 285, 293 , 299, 301 , 306-308) . I n an 
e x c e p t i o n a l case i n 0. g r a c i l i s t h e p a r t i t i o n wa l l between 
t h e m i c r o p y l a r megaspores i s o b l i q u e , p roduc ing a c o n d i t i o n 
i n t e r m e d i a t e between t h e l i n e a r and T-shaped t e t r a d s 
( F i g . 2 8 6 ) . T-shaped t e t r a d s a r e f r equen t i n I . u n d u l a t a 
( F i g s . 274-276) and 0 . g r a c i l i s ( F i g s . 287, 288, 2 9 0 ) . 
Rare ly such t e t r a d s occur i n G. t r i c o r n e , P . carnea v a r . a lba 
and P . carnea v a r . coccinea a l s o ( F i g s . 267, 268, 302, 303, 
309) . I n v e r t e d T-shaped t e t r a d s have been observed i n 
! • u n d u l a t a and 0. g r a c i l i s ( F i g s . 277, 2 8 9 ) . Ehomboidal 
t e t r a d s r a r e l y occur i n I . u n d u l a t a , 0 . g r a c i l i s and 
l i T>arvifolia ( F i g s . 278, 2 9 1 , 2 9 4 ) . Three cases of twin 
megaspore t e t r a d s have been obse rved . In one ovu le of 
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I. undulata there are two megaspore tetrads. The lower 
one is T-shaped and the upper shows the chalagal megaspore 
and the remains of other megaspores ahove it (Fig. 279). 
In 0. gracilis two megaspore tetrads are placed side by side 
in one ovule (Fig. 290). One of them is T-shaped, while 
the other inverted T-shaped...- In another ovule two megaspore 
tetrads are situated linearly one above the other (Fig. 291). 
Variations in number and situation of the functioning 
megaspores have been noted. Mostly, the chalazal megaspore 
is functioning and the remaining three degenerate (Figs. 271, 
284, 293, 300, 308). Sometimes the micropylar megaspore 
degenerates and the remaining three are healthy in 
G. trieorne and 0. gracilis (Figs. 266, 272). In I. undulata, 
0. gracilis, P. carnea var. coccinea two chalazal megaspores 
may be healthy and the micropylar ones degenerate (Figs. 273» 
285, 307). In P. carnea var. alba the micropylar and 
chalazal megaspores may be healthy and'the two middle ones 
are abortive (Fig. 301). In P. carnea var. coccinea the 
second megaspore from the micropylar end has degenerated 
and the remaining three are healthy (Fig. 306). All the 
four megaspores of a T-shaped tetrad may be healthy in 
1. undulata, P. carnea var. alba and P. carnea var. coccinea 
(Figs. 274, 303, 309). In G. trieorne, I. undulata and 
0. gracilis the two upper megaspores of a T-shaped tetrad 
have degenerated, while the lower two are healthy (Figs. 267, 
276, 279, 287, 288, 290). In a T-shaped tetrad of G. trieorne 
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th.e cJaalazal megaspore is healthy and the remaining three 
show stages of degeneration (Fig. 268). In I. undulata 
one of the two micropylar and the chalazal megaspores of 
a T-shaped tetrad are healthy and the remaining two have 
degenerated (Fig. 275)• la inverted T-shaped tetrads of 
I. undulata and 0. gracilis the two micropylar megaspores 
have degenerated, while the chalazal ones are healthy 
(Figs. 277» 289). Only the chalazal megaspores of 
rhomhoidal tetrads of I. undulata and 0. gracilis are 
functioning (Figs. 278, 291)» while in M. parvifolia one 
of the two middle megaspores is functioning while the 
remaining three show signs of degeneration (Fig. 294-). 
In most of the investigated Rubiaceae the meiotic 
divisions in the megaspore mother cell produces four 
megaspores. Occasionally suppresion of division in 
micropylar dyad takes place in Callipeltis cucularia 
(Lloyd, 1902), Hoffmania, Bouvardia, Psychotria, Richardsonia 
(Fagerlind, 1937)» Oldenlandia corymbosa (Farooq, 1958) 
and P. carnea var. alba. Delayed division in the chalazal 
dyad in P. carnea var. alba is a new record in the Rubiaceae. 
Partial or total suppresion of tetrad formation takes place 
ia Asperula species (Lloyd, 1902). In Goffea (Faber, 1912), 
Grucianella (Lloyd, 1902; Fagerlind, 1937) and Rubia olivieri 
(Fagerlind, 1937) the meiosis in the megaspore mother cell 
takes place without cytokinesis. In Fagerlind's opinion 
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C1957) this occurs in Apemla montana and Futoria also, 
althougii Lloyd (1902) has recorded tetrad formation in 
these forms. 
Mostly the megaspore tetrads are linear in the 
Rubiaceae. Occasionally T~ and inverted T-shaped tetrads 
occur in Oldenlandia corymhosa (Farooq, 1958) ? 0. dichotoma., 
Borreria stricta (Siddiqi and Siddiqi, I968a, 196813), 
Oldenlandia nudicaulis (Parooq and Inamuddih, 1969), Ixora 
undulata, and 0. gracilis. T-shaped tetrads occasionally 
occur in Anthocephalus chinensis, Argostemma sarmentosum, 
Paederia scandens (Inamuddin, 1970), G. tricorne, P. carnea 
var. alba and P. carnea var. coccinea« Presence of rhomboi-
dal-.tetrads in 1, undulata, 0. gracilis, P. carnea var. alba 
is the first record in the Eubiaceae. 
^2 . 
THE ElMA-LE GAMETOPHYTE 
The female gametopiiyte i n t h e taxa d e s c r i b e d i n t h e 
p r e s e n t communication show d i f f e r e n c e s , and t h e r e f o r e , 
t hey have been d e a l t wi th s e p a r a t e l y . 
The development of female piametophyte 
Galiiim t r i c o r n e ; 
The f u n c t i o n i n g megaspore ge rmina tes by forming a 
tube on i t s l a t e r a l w a l l . The n u c e l l a r ep ide rmis p e r s i s t s 
a t t h i s s t a g e . Unable t o brealc th rough t h e n u c e l l a r 
ep ide rmi s , t h e megaspore tube p e n e t r a t e s t h e i n t e g u m e n t a l 
t i s s u e s and e n t e r s i n t o t h e m i c r o p y l a r c a n a l ( F i g . 310 ) , 
The megaspore t u b e ex tends t o v a r i a b l e d i s t a n c e s i n t o t h e 
cana l and sometimes extends up to t h e m i c r o p y l a r opening , 
Terminal vacuo le s appear i n t h e cytoplasm when t h e 
megaspore n u c l e u s undergoes d i v i s i o n (J^ig, 311) . The two 
n u c l e i t h u s produced move t o t h e two p o l e s of t h e young 
sac and a c e n t r a l vacuo le appea r s ( F i g s . 312, 313) . Some-
t i m e s , t h e n u c l e i of t h e 2 - n u c l e a t e sac remain t o g e t h e r 
and d i v i d e ( F i g . 3 1 ^ ) . F u r t h e r two n u c l e a r d i v i s i o n s i n 
t h e sac produce 4 - and 8 - n u c l e a t e embiyo s a c s ( F i g s . 315-
317) . Organ iza t ion of t h e egg a p p a r a t u s and t h e t h r e e 
a n t i p o d a l c e l l s t a k e s p l a c e s i m u l t a n e o u s l y . The egg appara-
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tus consists of one egg cell and two synergids. The 
vacuolation in the cells of egg apparatus is variable. 
Sometimes the vacuoles may be absent. The nucleus of the 
synergids may be situated in its basal region (Fig. 385)» 
in the middle (Fig. 382) or in its apical part (Fig. 380). 
Sometimes the synergids extend beyond the egg cell (Fig. 
380). In one exceptional case the synergids are feebly" 
hooked (Fig. 385). The apical part of the egg cell contains 
the nucleus. The two polar nuclei are the biggest in the 
sac. Shining bodies may be present in their nucleoli (Fig. 
379). The polar nuclei may be placed side by side (Figs. 
317, 385) or one above the other (Figs. 379, 383). Due to 
mutual pressure they become elongated. The antipodal cells 
show triangular arrangement. Two antipodal cells may be 
placed side by side or obliquely (Fig. 320) or overlap 
each other (Fig. 380). These may be haustorial or otherwise. 
The chalazal antipodal cell is extremely long. It is expan-
ded in its upper part and tapers downwards. Its basal part 
may be curved or coiled variously (Figs. 318, 319). Its 
cytoplasm is finely vacuolated (Fig. 318) or there may be 
two large vacuoles (Fig. 320) or vacuoles are absent (Fig. 
319). The nucleus of the basal antipodal cell is very 
conspicuous. Sometimes, it attains exceptionally large 
size and becomes multinucleolate (Fig. 319). Its nucleolus 
may contain shining bodies (Fig. 318). 
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Ixora imdulata; 
The fuactioning megaspore does not germinate by tube 
formation. I t grows in s i t u and a t t a i n s a s i g n i f i c a n t 
s i z e . Terminal vacuoles appear in i t s cytoplasm (Pig . 321). 
I t s nucleus d iv ides and the r e s u l t a n t nuc le i migrate to 
opposite poles of the sac . The terminal vacuoles d isappear 
and a big cen t ra l vacuole i s formed (Fig. 322). The 
second nuclear d iv i s ion r e s u l t s in the 4-nuclea te sac 
(Fig. 323). Sometimes, in a 4-nucleate embryo sac the 
terminal vacuoles may pe r s i s t and the c e n t r a l vacuole i s 
t raversed by a cytoplasmic diaphragm (Fig. 324). In one 
4-nucleate Sac, t he r e are two nuc le i in the cytoplasmic 
diaphragm, and one nucleus a t each pole of the sac (Fig . 325). 
In one case there a re s ix f ree nucle i in the sac , four of 
them l i e close toge ther , while the other two s l i g h t l y away 
from them. The cytoplasm of the sac i s foamy due to p r e s e -
nce of several conspicuous vacuoles (Fig. 325). Two cases 
of 7-riucleate embryo sacs have been observed. In one case 
the re a re four f ree nuc le i a t the micropylar and th ree a t 
the chalazal pole of the sac (Fig. 327). In the o ther case 
the re are f ive free nuc le i crowded toge ther a t the micro-
py la r and two a t the chalazal end of the sac (Fig. 328). 
I t appears tha t one nucleus from the chalaza l pole has 
migrated precociously as the chalazal p o l a r nuc leus . These 
cases show tha t during the development of the sac the nuclear 
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divisions at the two poles of the sac may .not be synchronous 
and 'in such cases the nuclear divisions at the micropylar 
pole precede that at the chalazal. Normally the third 
nuclear division produces the 8-nucleate embiyo sac (Figs. 
329, 530). 
Three nuclei of the micropylar quartet organize the 
egg apparatus and the fourth one behaves as the micropylar 
polar nucleus. Three nuclei of the chalazal quartet organize 
three antipodal cells and the fourth one is the chalazal 
polar nucleus. Migration of the polar nuclei takes place 
after the organization of the egg apparatus and antipodal 
cells (Fig. 330). Sometimes, the organization of the egg 
apparatus precedes that of the antipodal cells (Fig, 331)» 
or vice versa (Fig. 332). The cells of the egg apparatus 
do not show vacuoles. The nucleus of the synergias is 
contained in the slightly dialated apical part and also in 
the egg cell (Figs. 330, 333, 334). The synergids are 
elongated structures. Sometimes they are long enough to 
extend into the micropylar canal to a considerable distance 
(Fig. 334). The polar nuclei are quite conspicuous (Fig. 
333). They meet below the egg apparatus (Figs. 333, 334), 
but do not fuse to form the secondary nucleus. The antipodal 
cells are almost'of equal size and have somewhat triangular 
arrangement. Sometimes, the cytoplasm of the sac is foamy 
due to presence of several vacuoles (Figs. 334, 335). In 
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otlier mature sacs tJaere may be one b ig vacuole (Fig . 335) 
or vacuoles of variabiue shape and s i ze a re d ispersed 
•fchrougiiout tlie sao (Pigs . 330-332). In one exceptional 
case tbe embryo sac shows inverse p o l a r i t y , in whicb the 
ant ipodal c e l l s have degenerated (Pig. 335)• 
Qldenlandia g r a c i l i s ; 
The functioning megaspore grows and assumes a t ubu la r 
form. I t s cytoplasm i s vacuolated throughout. The nucleus 
i s contained in i t s ap ica l region where i t d iv ides (F igs . 
336. 337)' One of the two nuc le i migrate to the chalazal 
pole (Fig. 338)• In one exceptional case the re are two 
nuc le i a t the center of the sac (Fig. 339)• Second and 
t h i r d nuclear d iv i s ions produce the 4- and 8-nucleate embryo 
sacs (Figs. 340, 3^1)' Organization of the mature embiyo 
sac takes p lace as i n the two species described above (Fig . 
342). The po la r nuc le i meet each other immediately below 
the egg c e l l (Fig. 342). Sometimes the organizat ion of the 
ant ipodal c e l l s precedes t h a t of the egg apparatus (Fig . 343). 
In one exceptional case, t he re a re th ree degenerated c e l l s 
of the egg apparatus , while a t the chalazal pole the re are 
th ree heal thy n u c l e i , two of them are \indergoing d i v i s i o n . 
The t h i r d nucleus could have migrated from the micropylar 
pole of the sac (Fig . 3 ^ ) . The egg c e l l i s ea s i ly d i s t i n -
guished by i t s l a rge r s i ze and vacuolat ion (Fig. 345). Some-
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t imes , ttLe synergids a re Jaooked (Fig. 346). Tiie nucleus of 
tlie synergids may be present in t i i e i r ap ica l (Fig . 342), i n 
the middle (Figs . 345, 345) or in tlie basal p a r t (Fig. 351)-
Sometimes the synergids degenerate before the entry of the 
pol len tube in to the sac (Figs . 345, 347). The two p o l a r 
nuc le i meet below the egg apparatus and fuse to form the 
secondary nucleus (Figs . 345, 351 )• i^i© ant ipodal c e l l s 
a re var iously arranged (F igs . 348, 349, 350, 353)- The 
ant ipodal c e l l s sometimes degenerate p r i o r to f e r t i l i z a t i o n 
of the sac (Fig. 351)• 
In a 10-nuGleate embryo sac the re are seven free nuc le i 
a t i t s micropylar pole and th ree a t the chalazal without 
any organizat ion (Fig. 352). In a 9-nucleate embryo sac , 
t he re are two c e l l s in the egg appara tus , t h r ee po l a r n u c l e i , 
a micronucleus and th ree ant ipodal c e l l s (Fig . 353). Starch 
gra ins may or may not be present in the mature sac (F igs . 
342, 345). 
Mitragyna p a r v i f o l i a : 
The functional megaspore grows in s i t u . The vacuolat ion 
in the cytoplasm i s r a t h e r i r r e g u l a r (Fig. 354). At the 
time of d iv i s ion of i t s nuc leus , the terminal vacuoles a re 
c l ea r ly seen (Fig. 355). After the migrat ion of the nuc le i 
to the opposite poles of the sac , the cen t r a l vacuole 
appears and the terminal ones disappear (Fig . 356). Sometimes, 
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tlie cen t ra l vacuole in a 2-nucleate embryo sac i s not 
present (Fig. 357). "Sparsely d i s t r i b u t e d s t a rch gra ins a re 
present in a 2-nucleate sac (Figs . 356, 357). 5:']ie quant i ty 
of starch, grains increases g rea t ly in the 4- and 8-nucleate 
embiyo sacs (Figs . 358., 360). Sometimes, the d iv i s ion of 
the nucle i a t the chalazal pole of the sac lags behind. 
In f igure 359 the re a re four nuc le i a t the micropylar po l e , 
while two a t the chalazal are undergoing d i v i s i o n . The 
organizat ion of the embryo sac takes p lace as in the species 
described above (Fig. 360). The c e l l s of the egg apparatus 
do not show vacuolat ion. The egg c e l l i s somewhat broader . 
In a 7-nuGleate sac the c e l l s of the egg apparatus a re so 
compactly arranged t h a t they appear to be a 3-Gelled compo-
s i t e s t r u c t u r e . There a re th ree ant ipodals and one nucleus 
a t the chalazal po le . I t s cytoplasm shows a good quant i ty 
of s ta rch grains (Fig. 361). The ant ipodal c e l l s a re cons-
picuous. One or two ant ipodal c e l l s are considerably elonga-
ted (Figs. 350, 361). Sometimes a l l the t h r ee ant ipodes 
may be reple ted with compound s ta rch gra ins (Fig. 360). The 
mature sac has su f f i c i en t quant i ty of s t a rch gra ins (Figs.360, 
361). 
Pentas carnea var . alba and P. carnea var . coccinea; 
The functioning megaspore comes to possess l a rge quant i ty 
of s t a r ch grains before i t s nucleus enters upon d i v i s i o n . 
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Compoimd starcii grains occur in F . carnea va r . alba and 
simple ones in P. carnea var . coccinea (Fig. 5^2, 369)« 
Tile 2-nueleate sac jias non-vacuolated cytoplasm'in P . carnea 
var . a lba , wMle in P . carnea var . coccinea the 2-nucleate 
sac shows vacuoles of va r i ab l e s i ze a t the center (Figs . 363, 
370). In one exceptional case the ap ica l p a r t has extended 
i n t o the micropylar canal . I t contains both the nuc le i of 
the 2-nucleate embryo sac which a re undergoing d iv i s ion 
(Fig. 371)• The ^-nuclea te embryo sac in P. carnea var . 
alba contains s ta rch gra ins to such an extent t h a t i t s 
cytoplasm can hardly be seen (Fig. 3^^)^ while in P. carnea 
va r . coccinea s ta rch gra ins a re absent (Fig. 372). A 6-nucl-
ea te sac has been noted in P . carnea var . a lba , with th ree 
nuc le i a t each pole of the sac . The nuc le i a t the chalaza l 
pole appear to be tindergoing budding (Fig. 365). A 6-nucleate 
sac in P. carnea var . coccinea, has four f ree nuc le i a t i t s 
micropylar pole and two a t the chalazal (Fig. 374). The 
t h i r d nuclear d iv i s ion produces the 8-nucleate embryo sac 
(F igs . 366, 367, 373, 375). The organizat ion in the sac i s 
s imi l a r to t ha t of the taxa described e a r l i e r . The vacuoles 
a re absent from the c e l l s of the egg apparatus in P . carnea 
va r . a lba . The egg c e l l i s d i s t inguished from the synergids 
by i t s l a rge r s ize and bigger nucleus (Figs . 367, 368). In 
P. carnea var . coccinea the normal type of vacuolat ion occurs 
in the c e l l s of the egg apparatus (Fig. 377). The po la r s 
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meet below tiie egg apparatus (Figs . 367, 375) and fuse to 
form the secondaiy nucleus (Figs . 368, 377). The an t ipodal 
c e l l s are var iously arranged (Figs . 367, 368, 375, 376). 
Compound s ta rch grains a re present in the mature sac of 
P . carnea var . alba and simple ones in P. carnea var . coccinea 
In f igure 377 there i s a mature sac with a 3-Gelled egg 
apparatus and one free nucleus (probably the secondary 
nuc leus ) . The ant ipodal c e l l s could not be seen. These 
could have degenerated and disappeared precocious ly . 
Mult iple sacs 
Several megaspores a re produced by the m u l t i c e l l u l a r 
archesporium in G. t r i c o r n e . The pressure condi t ions in 
the a rchespor ia l region a f t e r the megasporogenesis i s such 
t h a t the developing megaspores a re forced to grow in var ious 
d i r e c t i o n s . They may enter i n to the integument, the chalaza 
or even the fun ic le , where they develop in to embryo sacs . 
Therefore, several cases of mul t ip le sacs have been noted 
in the taxon. In one ovule the re i s a mature sac in the 
micropylar canal in which the arrangement of the c e l l s of 
the egg apparatus i s r a t he r i r r e g u l a r . Another 2-nuclea te 
sac i s abut t ing the epidermis of the chalaza (Fig. 378). 
In another ovule, two 8-nucleate sacs a re present in micro-
py la r canal . One of the sacs has 3-cel led egg appara tus , 
two polar nucle i and th ree ant ipodal c e l l s . •One synergid , 
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and three antipodes have degenerated nuclei. In the other 
sac, the egg cell is healthy but both the synergids have 
degenerated. There is the secondaiy nucleus and three 
antipodes present an unhealthy appearance (Fig. 379). In 
another case, the twin sacs are situated one above the other 
along the long axis of the ovule. The upper sac has healthy 
egg apparatus and two polar nuclei, while the antipodal 
cells have degenerated. The nuclei of all the cells in the 
lower sac show stages of degeneration (Pig. 580). Two 
mature embryo sacs in another ovule are situated high up 
in the micropylar canal (Fig. 381). Both the sacs show 
stages of degeneration. Still in another case one embiyo sac 
is seen in the micropylar canal with normal organization, 
while the other one is situated at the chalazia. The latter 
sac shows inverse polarity. Its antipodal cells have 
degenerated (Fig. 382). Two cases of triplets have been 
observed. In one case, there is a mature sac in normal 
position, another sac (which has been cut transversely) is 
situated in the chalazal region and the third one in the 
funicle. The fatter sac has four free nuclei and one cell 
(presumably the egg) (Fig. 383). In another case, there 
are two S-nucleate sacs in the micropylar canal aligned 
along the long axis of the ovule. The third one is in the 
chalazal region. The latter sac contains 3-celled egg 
apparatus and one free nucleus (Fig. 384). One ovule contains 
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as many as four embryo sacs* Two mature 8-nucleate sacs 
are lying side by side in tlie mi c ropy la r canal. One of 
them i s healthy, while the nuclei in the other sac arc in 
a degenerating condition. Below the l a t t e r sac there i s 
a 7-nucleate sac which has two cel ls in the egg apparatus, 
three polar nuclei and two antipodal ce l l s . The fourth sac 
i s near the fiinicle. I t has the egg cel l and two degenerated 
synergids, two polar nuclei and three degenerating antipodal 
ce l l s (Fig. 585). 
In Ixora undulata three cases of twin sacs have been 
observed. In one ovule there are two sacs lying para l l e l 
to one another. One of them i s at 5-iiucleate and the other 
one at 7-iiucleate stage of the embryo sac (Fig. 385). In 
another ovule, there i s a 4-nucleate sac with three ce l ls 
at i t s micropylar end (could be the egg apparatus) and a 
free nucleus. Below i t there i s another sac containing 
eight free nuclei without any sort of organization, out of 
which three nuclei show signs of degeneration (Fig. 387), 
S t i l l in another case, there are two mature sacs lying 
pa ra l l e l to one another. One of them shows inverse polar i ty 
CFig. 388). 
In Qldenlandia g rac i l i s four cases of twin sacs have 
been noted. In one ovule, there i s a 5-nucleate sac consis-
t ing of 3-celled egg apparatus and two free nuclei si tuated 
near the egg ce l l . The synergids show advance stages of 
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degeneration. Below it there is a 2-nucleate sac. Below 
the latter sac, there are three healthy megaspores which 
possess prominent vacuoles (Fig. $89). In another ovule 
two sacs lie side by side. One of them contains the egg 
cell, two degenerated synergids, two polar nuclei and three 
antipodal cells. The other one shows 3-celled egg apparatus 
and one free nucleus (Fig. 390). In another ovule there is 
a mature 8-nucleate sac with normal organization. A 5-2.ncl-
eate sac is present near the egg apparatus of the latter 
sac. It consists of J-celled egg apparatus and two free 
nuclei (Fig. 591)• Still in another case there is a sac 
with 3-celled egg apparatus and three free nuclei, while 
the other sac contains the egg cell and one free nucleus 
(Fig. 592). In a case of triplet, two embryo sacs are 
situated side by side along the long axis of the ovule. 
In one of them, there are two cells at the micropylar pole 
and two at the chalazal, while in the other sac, there app-
ears to be the egg ceil, one polar nucleus and three anti-
podal cells. Another sac contains one big and two small 
nuclei (Fig. 595). In another case of triplet there is a 
10-nucleate sac consisting of 5-celled egg apparatus and 
two free nuclei near it, while at the chalazal pole there 
are two free nuclei and three antipodal cells. It is 
rather difficult to account for the presence of extra nuclei 
in the sac. On oh.e side of the sac, there is another 
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2-nuGleate sac . One more s t r u c t u r e delimited, by wall i s 
present on tlie other side of the sac . I t contains non-
nuc lea te cytoplasm (Fig. 39^) • 
III £• carnea var . coccinea two young sacs a r e s i t u a t e d 
one above the o ther . The upper sac i s a t 5-nucleate and 
the lower one a t 2-nucleate s t age . The cytoplasm of both 
the sacs i s r e p l e t e with s t a r ch grains (Fig. 395)• 
The development of the embryo sac in most of the i nv es -
t i g a t e d Rubiaceae conforms to the Polygonum type as in the 
biotypes dea l t with here . Allium type of embryo sac deve-
lopment has been reported in Scyphiphora by Karsten (1891). 
Tetraspor ic l6 -nuc lea te embryo sacs occur in Grucianella 
and Bubia o l i v i e r i (Fagerl ind, 1937)• According to Fagerl ind 
(1937) in these forms the embryo sac development conforms 
to the Peperomia type, although from h i s (Fagerl ind, 1937) 
desc r ip t i on , the organizat ion of the embryo sac in these 
taxa appears to conform to the Drusa type (see Maheshwari, 
1950). According to Lloyd (1902) and P i e rpao l i (1916-1917), 
in Asperula montana and Pu tor ia r e spec t ive ly the development 
of embiyo sac i s monosporic. Fagerlind (l937) e n t e r t a i n s 
the suspicion tha t i n these cases a m i s i n t e r p r e t a t i o n has 
occurred and tha t in these forms the embryo sac development 
i s poss ibly t e t r a s p o r i c and l6 -nuc lea t e . 
The germination of the functioning megaspore by tube 
formation, pene t ra t ion of the tube i n to the intes\imental 
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tissue, its emergence into the micropylar canal and the 
development of tiie embryo sac in the micropylar canal as 
occurs in G. tricorne is true for most of the investigated 
Galieae (Lloyd, 1902; Fagerlind, 1937 •ji'arooq, i960). In 
the Cinchonoideae and those Coffeoideae in which the 
archesporium is represented "by few cells, the embryo sac 
develops in situ as in I. undulata, 0. p:racilis, M». parvifo-
lia, P. carnea var. alba and P. carnea var. coccinea. The 
embryo sac is strongly curved in Galium tinctorum"(Lloyd, 
1902), G. trifidum, in the.section Gruciata and Bubia 
(Fagerlind, 1957)• The curvature of the embryo sac depends 
upon the curvature of the ovule. However, it is feebly 
curved in G. tricorne. In other species described here, 
the embryo sac is a straight body. 
The synergids may sometimes be hooked in Oldenlandia 
nudicaulis (Parooq and Inamuddin, 1969), Anthocephalus 
chinensis, Ar^ostemma sarmentosum, Spermadictyon suaveolens 
Paederia scandens (Inamuddin, 1970), G. tricorne and 
Oldenlandia gracilis. 
The antipodals in the Rubiaceae show variation in the 
form, n-umber and their function. Fagerlind (1957) recognized 
five types of antipodals in the Eubiaceae - Vaillantia type, 
Grucianella type, Phyllis type, Eichardsonia type and 
Leptodermis type and Gephalanthus type. 
The antipodes in G. tricorne conform to the Vaillantia 
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type . Such, an t ipodals have been recorded in the t r i b e 
Galieae (.Lloyd, 1902;\/Fagerlind, 1957), Diodia t e r i s (Lloyd, 
1902), Putor ia (Pagerl ind, 1956a) and Rubia cord i fo l ia 
(Tenkateshwarlu and Eao, 195^, 1958). Lloyd (1902) 
considers the lower ant ipodal c e l l in Galiixm to be an t ipode-
haustorium. He assxames tha t the lower end of the basa l 
ant ipodal elongates downwards. Presumably i t i s a m i s i n t e r -
p r e t a t i o n , because the embryo sac in Galium extends from 
the o r ig ina l a rchespor ia l region upto the micropylar canal 
and the re fo re , the re i s no question of the downward elonga-
t i on of the basa l ant ipodal c e l l . Half or more than ha l f 
the length of the embiyo sac c o n s t i t u t e s the basal an t ipodal 
c e l l . Consequently, the term "antipode-haustorium" i s 
hardly appl icable to i t . Schnarf (1929) be l ieves t h a t the 
term "haustorium" should be reserved for a c e l l , or a p a r t 
of a c e l l t ha t has a t t a ined i t s form by secondary growth 
and which, the re fo re , serves as a means for t r anspor t of 
n u t r i t i v e m a t e r i a l . No doubt, the basal antipode .in Galiiim 
i s concerned with t r anspor t a t ion of nu t r iments , but i t does 
a t t a i n i t s s i z e by secondary growth. 
Eichardsonia type of ant ipodes occur in the remaining 
f ive taxa described he re . This type i s of wide occurrence i n 
the Eubiaceae and has been recorded in d i f f e r en t t r i b e s of 
the family, v i z . , Richa3?dsonia p i l o s a , Houstonia (Lloyd, 1902), 
Psychot r ia , Spermacoce, Pentas , Pave t t a , Bouvardia, Chiococca 
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(Fagerl ind, 1957)» Guettarda (Eaghavan and s r in ivasan , 
1941), Bentel la repens, Qldenlandia a l a t a (Eaghavan and 
Eangaswamy, 19^1)> Qldenlandia corymbosa (Farooq, 195Q)) 
Qphiorrliiza ha r r i s i ana (GopinatJb. and. Cliennaveeraiah., 1961), 
Rondel at ia amoena (Siiivaramiah and Dutt , 1964) Tgrenna 
a s i a t i c a (Periasamy and Parameswaran, 1965), Qldenlandia 
dichotoma (Siddiqi and S idd iq i , l968a) , Qldenlandia 
nud icau l i s (]?arooq and Inamuddin, 1969) and Argostemma 
saimentostim (Inamuddin, 197Q)« 
Leptodeimis type of ant ipodes represent an in te rmedia te 
condit ion between the Va i l l an t i a and the Eichardsonia t ypes . 
Such ant ipodals occur in Leptodermis ( l a g e r l i n d , 1937) and 
occasional ly in Borreria h isp ida (Parooq, 1959) and 
M. p a r v i f o l i a . 
The antipodes of Asperula montana (Lloyd, 19Q2) and 
Putor ia (P i e rpao l i , 1916-1917) belong to the Crucianella 
type. These forms possess a t a i l of eleven ant ipodal c e l l s . 
However, the re i s a controversy about t h e i r mode of t h e i r 
o r i g in . According to Lloyd (l902) and P i e rpao l i (1916-1917) 
the nucleus a t the chalazal end of the sac undergoes 
repeated d iv i s ions to produce twelve n u c l e i , one of them 
behaves as the chalazal po la r nucleus and the remaining 
eleven give r i s e to eleven ant ipodal c e l l s . According to 
Fagerlind (l937) the mul t inuclear or m u l t i c e l l u l a r ant ipode 
which Lloyd (1902) and P i e rpao l i (1916-1917) observed in 
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Asperula montana and Putoria respec t ive ly could have been 
created by a t e r a spor i c 16-nucleate embryo sac . 
Tile presence of mul t ip le sacs lias been reported in 
tlie t a t r a p l o i d Galiiim species by Fagerlind (1937)' Besides 
tlie normal pos i t i on of tlie embryo sac in the micropylar 
canal , the embryo sac may occur in the integument, chalaza 
and funic le as in G. t r i c o r n e . Sporadic occurrence of _ 
mul t ip le sacs has been reported in a number of rubiaceous 
p l an t s (Lloyd, 1902; Eagerl ind, 1937; Mendes, 19-4-4; 
Venkateshwarlu and Rao, 1958; Farooq, 1959, i960; S iddiq i 
and S idd iq i , l968b; Inamuddin, 1970). Mult iple sacs occur 
i ^ I.' undula ta , 0. g r a c i l i s and P . carnea var . coccinea 
a l s o . 
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THE POLLINATIQH 
As mentioned e a r l i e r , t h e s t y l e i n t l ie Eubiaceae i s 
s o l i d and stigma p a p i l l a t e . Most of t i ie rub i aceous p l a n t s 
a r e en t imopi iy l lous . S t r u c t u r a l d i f f e r e n c e s occur i n t h e 
st igma and o t h e r d e v i c e s t o a t t r a c t i n s e c t s ' in t h e f o i ^ s 
d e s c r i b e d , and t h e r e f o r e , each taxon has been d e a l t w i th 
s e p a r a t e l y . 
Galium t r i c o m e ; 
The a d a x i a l s u r f a c e of t h e c o r o l l a l o b e s b e a r s 
p a p i l l a t e c e l l s ( F i g . 596) . There a r e two c r e s c e n t - s h a p e d 
n e c t a i y g lands which e n c i r c l e t h e base of t h e s t y l e . These 
could be h e l p f u l d e v i c e s i n a t t r a c t i n g i n s e c t s , and t h e r e -
fo re i n p o l l i n a t i o n . There a r e two k n o b - l i k e s t igmas which 
b e a r innumerable p a p i l l a e ( F i g s . 397, 398) . Small i n s e c t s 
c a r r y t h e p o l l e n g r a i n s t o t h e s t i g m a t i c p a p i l l a e where 
they ge rmina te . The p o l l e n t u b e s p a s s th rough t h e i n t e r -
c e l l u l a r spaces of t h e s t y l a r t i s s u e wi thou t caus ing any 
v i s i b l e damage t o them. F u r t h e r course of t h e p o l l e n t u b e 
could no t be t r a c e d . 
Ixora undulata: 
Here also like G. tricorne, two crescent-shaped 
nectary glands encircle the base of the style. The stigma 
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is deeply Mfid and is fork-like (Fig. 599). Ilie papillae 
dre restricted to tlie adaxial surface of the stigmatic lobe. • 
The stylar tissue consists of tangentially elongated row of 
cells. Most of the cells of the stylar tissue contain large 
quantity of tanin granules. The hypodermal cells are replete 
with these granules to the extent that its cytoplasm is not 
visible (Fig. 400). The significance of tanin deposition 
in the stylar tissue is not clear. 
The pollen grains are deposited on the stigmatic 
papillae (Fig. 401). The pollen tube passes through the 
micropylar side of the strophiola, emerges out into the 
ovarian cavity and ultimately enters the ovule through the 
micropylar opening. In an exceptional case, the pollen 
tube is adhering to the epidermis of the antiraphe side of 
the integument. The ovule contains a fertilized embryo sac 
(Fig. 402). 
Oldenlandia gracilis; 
The apices of the corolla lobes bear papillate cells 
(Fig. 403). The stigma greatly resembles in shape to that of 
I. undulata with the difference that nearly the entire upper 
part of the stigmatic lobes is papillate (Fig. 404). Pollen 
grains have been observed on the stigmatic papillae (Fig. 
405) hut the course of the pollen tube could not be deter-
mined. However, the pollen tube enters the ovule through 
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th.e micropylar canal (Fig.^405). 
Mitragyna parvifolia: 
Ihe ellipsoidal stisma is feebly bifid at.the apex 
(Fig. 407). Its anatomy presents interesting features. 
The cells which border the apical fission of the stigma 
consist of large as well as small rectangular cells. These 
cells contain a few tanin granules and appear to be glandular 
in nature (Fig. 407). A fringe of papillate cells is 
present allround the base of the stigma and apices of the 
stigma tic lobes. The intersrening part of the stigma is 
non-papillate (Fig. 408). In a longitudinal section of the 
stigma, bundles of thin walled elongated cells are present 
below the apical as well as basal papillate region of the 
stigma. These extend inwards and meet somewhere near the 
center of the stigma. From their point of contact, another 
bundle of thinwalled elongated cells descends down and 
terminates near the tip of the style (Fig. 408). It appears 
that these cells determine the course of the pollen tube 
as far as the stigma is concerned. 
The pollen grains reach the stigmatic papillae 
and geiminate (Fig. 409). The pollen tubes enter tne tissue 
of pendulous placenta (Fig. 410), emerge out into the 
ovarian cavity at different levels (Figs. 410, 411) and 
enter the ovule through the micropylar canal. Inside the 
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canal tlie pollen tube becomes very conspicuous. Some starcb. 
grains are present in i t s cytoplasm (Fig, 412). In one 
exceptional case the t ip of tbe pollen tube af ter entering 
tbe ovarian cavity bas divided into tbree branches (Fig. 415) 
Pentas carnea var. alba: 
Tbe entire apex of tbe corolla lebes bears prominent 
papil lae (Fig. 414). Tbe stigma i s deeply bifid and i s 
fork-like as in 0. grac i l i s (Fig. 415). Here tbe ent ire 
surface of tbe stigmatic lobe i s pap i l l a te (Fig. 415). 
Pollen grains have been observed on tbe stigmatic papi l lae 
(Figs. 415» 4l6) . Tbe course of tbe pollen tube could not 
be followed. 
Pentas carnea var. coccinea; 
Tbe entire upper part of tbe corolla bears prominent 
papillae on i t s adaxial surface. On tbe abaxial surface 
2-celled bairs are present sparsely (Fig. 417). Tbe stigma 
i s bi-loJbed and greatly resemblesto that of P. carnea var. 
alba in regard to i t s shape and tbe presence of papi l lae 
(Fig. 418). Pollen grains have been observed on tbe s t i g -
matic papil lae (Figs. 418, 419), but tbe course of tbe 
pollen tube could not be traced. 
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FERTILIZiATION 
Tile e n t r y of t h e p o l l e n tube i n t o t i ie ovule i s p o r o -
gamous i n t h e b i o t y p e s d e s c r i b e d i n t h e p r e s e n t ooDununica-
t i o n . The p o l l e n t u b e , whi le i n s i d e t h e s t y l a r t i s s u e , i s 
a d e l i c a t e s t i n i c t u r e . In an i s o l a t e d 'Cgse i n M. p a r v i f o l i a , 
t h e p o l l e n t u b e i s very conspicuous i n s i d e t h e m i c r o p y l a r 
cana l as we l l a s i n t h e embryo s a c . S e v e r a l s t a r c h g r a i n s 
a r e p r e s e n t i n i t s cytoplasm (F ig . 423)• The p o l l e n tube 
i n s i d e t h e embryo sac becomes expanded and i r r e g u l a r i n 
shape i n I . u n d u l a t a ( F i g s . 423, 4 2 4 ) , 0 . g r a c i l i s ( F i g s . 
426, 427) , and M. p a r v i f o l i a (P ig . 4 2 9 ) . In. one case i t 
appears t h a t two p o l l e n t ubes have e n t e r e d t h e embryo sac 
i n _0. g r a c i l i s ( F i g . 425) o r t h e p o l l e n tube has branched 
a f t e r e n t e r i n g t h e s a c . The remains of p o l l e n tube p e r s i s t 
i n f e r t i l i z e d embryo sacs t i l l t h e endosperm becomes 8 - t o 
l 2 - n u c l e a t e i n G. t r i c o r n e (F ig . 4 4 0 ) , 4 - n u c l e a t e i n I . undu-
l a t a ( F i g s . 442, 443) and 2 - n u c l e a t e i n 0 . g r a c i l i s (F ig . 446), 
Genera l ly bo th t h e syne rg ids a r e d e s t r o y e d d u r i n g t h e 
a c t of f e r t i l i z a t i o n i n I . undu la ta ( F i g . 424 ) , 0. g r a c i l i s ' 
( F i g s . 425, 4 2 7 ) , M. p a r v i f o l i a ( F i g s . 430-432) and P . carnea 
v a r . a lba ( F i ^ s . 433-435) . Sometimes one synerg id remains 
h e a l t h y i n a f e r t i l i z e d sac i n G. t r i c o r n e ( F i g . 4 2 0 ) , I . u n -
d u l a t a ( F i g s . 422, 423 ) , 0. g r a c i l i s ( F i g . 426) , M. p a r v i f o l i a 
( F i g . 429) . Both t h e syne rg ids remain -unaffected i n E . ciarnea 
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var. cQGcinea (Figs. 4-36-458) and occasionally in G. tricorne 
(Fig. 421) and M. parvifolia (Pig. 428). 
Double fertilization takes place as a rule. One sperm 
nucleus fuses witli the egg (Figs. 422, 423, ^ 32, 434, 438) 
and tlie other with the secondary nucleus in G. tricorne (Fig. 
421), I. undulata (Fig. 424), M. parvifolia (Figs. 429, 432), 
P. carnea var, alha (Fig. 435) and P. oarnea var. coccinea 
(Fig. 438). Triple fusion may take place to form the primary 
endosperm nucleus in I. undulata (Fig. 422) and P. carnea 
var. alba (Fig. 435). 
Generally both the synergids are destroyed auring the 
entry of the pollen tube into the embryo sac in the investi-
gated Subiaceae. However, sometimes one synergid may remain 
healthy in fertilized embryo sac in Hydrophylax maritima 
(Ganapathy, 1955a), Borreria striata (Siddiqi and Siddiqi, 
1958b), Qldenlandia nudicaulis (Farooq and Inamuddin, 1959), 
Spermadictyon suaveolens and Eichardia brasiliensis (Inamuddin, 
1970), as is the case in G. tricorne, I. undulata, 0. gracilis, 
M. parvifolia. Both the synergids remain healthy in P. carnea 
var. coccinea and occasionally in G. tricorne and M. parvifolia. 
This has been recorded earlier in Borreria stricta (Siddiqi 
and Siddiqi, l958b). 
Generally the second sperm nucleus fuses with the secon-
dary nucleus to form the primary endosperm nucleus in Borreria 
stricta (Siddiqi and Siddiqi, 1958b), Qldenlandia nudicaulis 
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(Farooq and Inamuddin, 1969) and Richardia brasiliensis 
(Inamuddin, 1970) as in the taxa described here. Triple 
fusion takes place in P. carnea var. alba to form tne primary •(. 
endosperm nucleus and occasionally in Borreria stricta 
.(Siddiqi and Siddiqi, 1968b) and G. tricorne. 
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Em)OSFERM 
The development of endosperm aib initio is of the Free 
Nuclear type. Great activity is seen in the endosperm soon 
after fertilization, while the zygote remains quiescent. 
The primary endosperm.cell increases in size, while its 
nuclei undergoes repeated divisions without cytokinesis 
(Figs. 439, 440, 442-444, 446-448, 453, 454, 456, 459-461). 
Protoplasm is dispersed in the entire embryo sac and is 
irregularly vacuolated in G. tricorne (Figs. 459, 440), 
I. undulata (Fig. 444), M. parvifolia (Figs. 453, 4^4), 
P. carnea var. alba (Fig. 455) and P. carnea var. coccinea 
(Figs. 459-461), In I. undulata the vacuoles disappear at 
an early stage and the cytoplasm of the endosperm becomes 
replete with starch grains (Figs. 442, 443). The young 
endosperm of P. carnea var. coccinea also possesses starch 
grains but in a lesser quantity (Figs. 459, 460). In 
p. p;racilis the cytoplasm of the endosperm along with the 
nuclei forms a peripheral layer enclosing a large central 
vacuole (Fig. 452). 
The wall formation begins simultaneously at the micro-
pylar as well as the chalazaX sides of the endosperm in 
G. tricorne (Fig. 441). The wall formation starts on all 
sides simultaneously when the endosperm is more than 50-
nucleate in M. parvifolia (.Fig. 455) and P. carnea var. alba 
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(Fig. 4-58). Tlie phenomenon starts at tiie micropylar end 
when there are more than 55 nuclei in the endosperm in 
0. gracilis (Fig. 449). Initiation of wall formation in 
the endosperm oould not be determined in I. undulata and 
P. carnea var. coceinea. In an embryo sac of I. undulata 
there are about two dozen endosperm cells, although the 
zygote has hot entered upon division (Fig. 44-|?J. 
In two cases in 0. gracilis," the endosperm development 
appears to be .of'.the Helpbial type. In these cases the 
primary endosperm cell has divided by a transverse wall 
into the micropylar and chalazal chambers. In one of them, 
the micropylar chamber contains two free nuclei and the 
chalazal only one (Fig. 4-50). In the other case, the 
micropylar chamber is 1-nucleate and the chalazal one 
contains three free nuclei (Fig. 451). Later stages of 
this type of endosperm development could not be made out. 
A peculiar type of endosperm development is seen in one 
ovule of P. carnea var. coceinea (Fig. 452). Two transverse 
walls have divided the endosperm into three parts. The 
micropylar part contains one nucleus, while the chalazal 
one shows one cell and four free nuclei. Incomplete 
transverse walls have extended from both sides. After the 
completion of the wall the chalazal part would have been 
divided transversely - the upper part with two free nuclei 
and one uninucleate cell and the lower one with two free 
nuclei. The middle part of the endosperm contains six free 
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nuclei and one cell. Tliere is an incomplete transverse — 
wall, wMcii after completion would have divided tlie middle 
part into two parts. Tlie upper witti one cell and two free 
nuclei and the lower one with four free nuclei. A curved 
wall in the lower part shows the possibility of organization 
of a cell. The endosperm could have developed in conformity 
with the Helobial type. In one exceptional case in 
0. gracilis, there is one l-nucleate cytoplasmic vesicle in 
the endospeim cavity (Fig. 452). 
In most of the investigated Ruhiaceae, the development 
of endosperm is Free Nuclear. The protoplasm of the 
endosperm is diffused through out the embryo sac in 
Yaillantia hispida (Lloyd, 1902), Spermadictyon suaveolens 
(Inamuddin, 1970), Galium tricorne, Ixora undulata, 
Mitrgyna parvifolia, Pentas carnea var. alba and P. carnea 
"^ sr. coccinea. On the other hand, the endosperm is of the 
Peripheral type, enclosing a big central cavity in Qalli-
peltis cucularia, Sherardia arvensis, Bubia tinctoria, 
Diodia virginiana, D. teris, Richardsonia pilosa, Houstonia 
(Lloyd, 1902), Borreria hispida, Oldenlandia corymbosa 
(Farooq, 1952, 1953)» 0. dichotoma, Borreria striata 
(Siddiqi and Siddiqi, 1968a, 1968b), 0. nudicaulis (Farooq 
and Inamuddin, 1969), Anthocephalus chinensis, Argostemma 
sarmentosum, Paederia so and ens, Speraiadictyon suaveolens 
(Inamuddin, 1970) and Oldenlandia gracilis. According to 
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Inamuddin (1970), "tiie endosperm undergoes complete degene-
ration soon after tJae wall formation" in Spermadictyon 
suaveolens. If this is correct it is hardly imaginable 
to account for the presence of embryos which he has 
described in the biotype. Embiyos can not develop in 
unhealthy endosperm tissue. 
Houk (1958) recorded Cellular type of endosperm deve-
lopment in Goffea. According to Mendes (19M) the endosperm 
development in Ooffea arabica may occasionally be free 
nuclear. Cellular type of endosperm occurs in Ophiorrhiza 
mungos (Ganapathy, 19565), Tarenna asiatica (Periasamy and 
Parameswaran, 1965), and occasionally in Oldenlandia 
dichotoma (Siddiqi and Siddiqi, 1968a) and Anthocephalus 
chinensis (Inamuddin, 1970). Occasionally Helobial type 
of endosperm occurs in Spermadictyon suaveolens Xinamuadin, 
1970) and Oldenlandia gracilis. Non-nucleate cytoplasmic 
vesicles have been reported in 0. corymbosa (Parooq, 1958) 
and 0. nudicaulis (Farooq and Inamuddin, 1969). Nucleate 
cytoplasmic vesicle in 0. gjrgcilds is the first record 
in the family. 
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THE EMBEYOGiaJY 
Galixim t r i co r ixe ; 
Tlie zygote c o n t a i n s t h e n u c l e u s i n i t s a p i c a l p a r t , 
wliere i t d i v i d e s t r a n s v e r s e l y t o produce t t ie c e l l s , £a and 
cb , ( F i g s . 463 , 4 6 4 ) . The b a s a l c e l l undergoes a s i m i l a r 
d i v i s i o n g i v i n g r i s e t o t h e c e l l s , m and _Gi ( F i g . 4 6 5 ) . 
The c e l l s , 1 and l ' » a^ "© produced by t r a n s v e r s e segmenta t ion 
of t h e a p i c a l c e l l , when four daugh t e r c e l l s of _ci have been 
formed (F ig . 466 ) . The d i v i s i o n i n 1 i s l o n g i t u d i n a l ( F i g . 
467) fol lowed by a s i m i l a r d i v i s i o n i n 1 ' ( F i g . 468 ) . Thus 
t h e quadran t s a r e d i sposed i n a p l a t e - l i k e form i n two t i e r s 
of two c e l l s each. The quadran t s segment l o n g i t u d i n a l l y t o 
produce t h e o c t a n t s t a g e ( F i g s . 469, 4 7 0 ) . L a t e r on, t h e 
proembiyo becomes s p h e r i c a l ( F i g . 471) and then h e a r t - s h a p e d 
( F i g . 472) . The mature embryo i s t y p i c a l of d i c o t y l e d o n o u s 
p l a n t s ' (F ig . 473)• The body of t h e embryo i s c o n s t i t u t e d by 
t h e daugh te r c e l l s of t h e a p i c a l c e l l . The embiyogeny of 
t h e taxon conforms t o t h e She ra rd i a v a r i a t i o n of t h e Splanad 
type (Soueges, 1924, 1925) . 
The suspensor i n Gali\im t r i c o m e i s of s p e c i a l i n t e r e s t 
a s i n most of t h e i n v e s t i g a t e d G a l i e a e . The d a u g h t e r c e l l s 
of _ci undergo r e p e a t e d t r a n s v e r s e d i v i s i o n s p roduc ing an 
e x c e p t i o n a l l y long suspenso r . Some of t h e suspensor c e l l s 
d i v i d e l o n g i t u d i n a l l y ( F i g s . 468-471) . One o r bo th of t h e 
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resultant cells may divide transversely producing filamen-
tous structures (Jig. 470) wiiich extend out into the endo-
sperm tissue. Variable number of suspensor cells become 
hypertropMed, come to passess dense cytoplasm wbich is 
studded witb. tiny starcb grains (Fig. 4-74). The suspensor 
cells bulge out into tbe endosperm tissue, although do not 
cause any visible damage to it. They^appear to be concerned 
with the absorption and conduction of nurishments to the 
developing embryo. Sometimes terminal suspensor cell is 
exceptionally large with a veiy big nucleus (Fig. 472). In 
two cases all the suspensor cells have become haustorial 
(Fig. 474). The suspensor cells persist till late stages 
of the embryo development. Ultimately the suspensor hausto-
rial cells lose contact with the embryo and are seen as 
islands in the endosperm tissue. 
Gases of cleavage polyembryony have 'been observed. In 
one case there are two embryos, both at the sphere stage, 
lying apart from each other in the central endosperm cavity 
(Fig. 475). IJI another case there are two proembryos at 
the sphere stage lying near each other, one slightly over-
lapping the other (Fig. 476). The filamentous branches of 
the suspensor sometimes produce embryos at their apices 
(Figs. 470, 477). In three cases the zygote has divided 
irregularly producing a compact mass of cells without exhibit^ 
ing any sort of organization. Later, the cells of the zygotic 
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mass form the filamentous structures (S'ig. 478) wiiicJa 
produce proembryos at their apices (iTig. 479). In four 
cases, one of the cotyledons of the mature embiyo shows 
humps on its abaxial surface. These humps consist of small 
meristematie cells (Figs. 480, 481), otherwise the embryos 
are normal. As far as the author is aware, this peculiar 
phenomenon has not been reported earlier. 
-The embxyogeny of I. undulata could not be studied 
due to want of materials. 
There is a great similarity in the development of the 
embryo in the members of the Cinchonoideae described here. 
Therefore, the following descrption is applicaole to all of 
them, unless otherwise mentioned. 
The zygote divides transversely (Figs. 482, 483, ^ 99, 
500, 511-513, 525, 526). The cell, £b, divides in a similar 
plane to produce the cells, m and _ci (Figs. 484, 501, 527). 
The cell, c±, segments transversely giving rise to the cells, 
n and n' (Figs. 485, 528). Thus, the proembiyonic tetrad 
is linear, consisting of the cells, oa^ m, n, n'. The first 
division in ^  is transverse (Figs. 485, 467, 514, 529) 
followed by longitudinal divisions in the tiers, 1 and 1' 
(Figs. 490-492, 503, 514, 516, 529, 530). In one proembiyo 
of M. parvifolia, the quadrant cells are disposed in three 
tiers. The cell, 1, has divided transversely and 1' longi-
tudinally (Fig. 502). Sometimes, the linear proembryo in 
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9.' g r a c i l i s , a f t e r the d iv i s ion of the cel l» ^ , may be 
5_ to 8-cel led due to t ransverse d iv i s ions in c e l l s , n, n' 
and m (Figs. 48G-489). In one exceptional case, the c e l l s , 
n and n' , contain one micronucleus in them (Fig. 485). In 
another embryo of 0. g r a c i l i s , the terminal daughter c e l l 
of _Gi i s hypertrophied. However, i t s nucleus could not be • 
seen (Fig. 494). The d iv i s ion in the c e l l , m, i s t r ansve r se 
in _0. g r a c i l i s (F igs . -487, 491) and long i tud ina l in M. p a r v i -
f o l i a , P. carnea var . alba and P. carnea var . coccinea (Figs . 
506, 516-519, 521, 531). Divisions in the t i e r , 1 ' , precede 
those in 1 (F igs . 490, 495, 506, 518-520). In two embryos 
of M. pa rv i fo l i a the c e l l d iv i s ions in the daughter c e l l of 
ca are i r r e g u l a r (Figs . 504, 505)• 
The embryo becomes spher ica l (Figs . 496, 507, 521, 532), 
then heart-shaped (Figs . 497, 508, 522, 533). F ina l ly the 
mature embryos come to possess well defined embryonal p a r t s 
of a dicotyledonous p lan t (Figs . 498, 509, 510, 523, 524, 
534). The suspensor i s 4 - to 5-cel led i n 0. g r a c i l i s (F igs . 
494, 496, 497), 3 - to 7-Gelled in M. p a r v i f o l i a (F igs . 507, 
508), 3- to 6-Gelled in P, carnea var . alba (Figs . 520, 524) 
and 4-cel led in P. carnea var . coccinea (Fig . 532). In one 
exceptional proembryo of M. pa rv i fo l i a the suspensor i s 
b i - s e r i a t e and a l l i t s c e l l s are h a u s t o r i a l (Fig . 505), 
The embryogeny in the inves t iga ted Subiaceae conforms 
to the Solanad type with some of i t s v a r i a t i o n s . In the 
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t r i b e Galieae tJae suspensor i s l i aus tor ia l and normally 
u n i s e r i a t e . Mu l t i s e r i a t e suspensors have been recorded in 
P h y l l i s (Fagerl ind, 1936b). Lloyd (1902) observed l o n g i t u d i -
na l d iv i s ions in the suspensor c e l l s of Y a i l l a n t i a , Soueges 
(1924, 1925) in Sherardia and Farooq (i960) in Galium asioeri-
folium. The presence of suspensor haus to r ia has been recorded 
in Crucianel la , Rubia t i n c t o r i a , Asperula setosa (see Johansen, 
1950) and Galium asperifol ium (Farooq, i 960) . Occasionally 
branched suspensors occur in Galium asperifolii im (i'arooq, i960) 
and Galium t r i c o r n e . According to JFarooq (i960) these 
branches "could be i n t e r p r e t e d as leading to cleavage poly-
embryony provided t h e i r development i n t o the embryos could 
be es tab l i shed" . The present study shows t h a t branches of 
suspensor do give r i s e to embryos in G. t r i c o r n e . 
I r r egu l a r d iv i s ions of the zygote producing an embryonic 
mass of c e l l s without any so r t of organizat ion and subsequent 
production of embryos from i t , as occasional ly occurs in 
^' t r i c o r n e , i s a r a r e phenomenon. I t has been reported 
e a r l i e r in Erythroniijjn americanum (Jef fery , 1895) and another 
species of Erythronium (Guerin, 1930). The phenomenon a l so 
occurs in Tulipa g:esnariana (Erns t , 1901) and Limnocharis 
emarginata (Hall , 1902). However, i t i s a new record for 
the Rubia ceae. 
The presence of two or th ree meris tematic group of c e l l s 
on the abaxial s ide of the cotyledon i s an unprecedented 
record. 
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Nicotiana v a r i a t i o n of tiie Solanad type of embryogeny 
as occurs in 0. fsjracilis, M. p a r v i f o l i a , P . carnea var . a lba , 
and P. carnea var . coccinea lias been repor ted e a r l e i r in 
Dentella rep ens, Qldenlandia a l a t a (Ragliavan and Eangaswamy, 
'19''^ 1)» Spermacoce b i sp ida , Guettarda speciosa (Raghavan and 
Srinivasan, 19^1), Richardsonia p i losa (Soueges, 1925, 1951), 
Diodia dasycepbala (Crete , 1956), Hydropbylax maritima 
(Ganapathy, l95&a), Qldenlandia coiymbosa, Borreria b ispida 
(i'arooq, 1958, 1959), Spermacoce tenuior (Ly Tbi Ba, 1961), 
Qldenlandia dicbotoma, Borreria s t r i o t a (Siddiqi and S idd iq i , 
I968a, 1968b), Qldenlandia nudioaul is (Farooq and Inamuddin, 
1969) and Argostemma sarmentosum (Inamuddin, 1970). 
Tbe occurrence of m u l t i s e r i a t e suspensor baustorium in 
M* pa rv i fo l i a i s tbe f i r s t record in tbe Gincbonoideae. 
Occasional presence of m u l t i s e r i a t e non-ba 'ustorial suspensor 
bas been reported in P b y l l i s , Psycbotria emetica, Ricbardsonia 
p i losa (Fagerl ind, 1957), Spermadict.yon suaveolens and 
Argostemma sarmentosum (Inamuddin, 1970). 
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DEVELOPMENT OF THE SEED 
Galium tricorne; 
The embryo, endosperm and in-fcegument undergo consider-
able changes during the development of the seed. The 
entire endosperm, becomes cellular at the heart-shaped stage 
of the embryo (Fig. 555). The endosperm cells which surround 
the embryo become hypertrophied and densely cytoplasmic with 
a prominent nucleus. These cells lose connections with the 
endosperm tissue (Fig. 536) and ultimately disintegrate. 
Thus a cavity is formed in the central region of the 
endosperm in which the detached endosperm cells 'wander', 
degenerate and are finally consumed by the developing embryo. 
In the oldest seed examined, 5-4 layers of endosperm cells 
persist (Figs. $57> 538)• The cells of the persistent 
endosperm become thick-walled due to cellulose deposition. 
The phenomenon of cellulose deposition starts from the 
epidermal endosperm cells and extends down to the inner ones, 
till the entire persistent endosperm tissue becomes very 
thick-walled (Fig. 559)• In the beginning the endosperm 
cells possess some food substances (mostly starch grains) 
(Fig. 540), although in older stages they do not show any 
accumulated food particles (Figs. 538, 539). 
In the beginning the integumental cells bordering upon 
the endosperm are crushed and disorganized due to the increase 
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in tlie size of the developing endosperm tissue. In older 
stages it appears that the process of destruction of integu-
mental cells is entirely enzymatic, because the contact of 
the integumental tissue and endosperm is lost (Figs. 555, 5^1). 
Ultimately the entire integumental tissue, except for the 
epidermis, is completely disorganized. In two cases an 
interesting phenomenon has been observed. The integumental 
cells which are in contact with the endosperm and those 
which extend upto the epidermis become hypertrophied, 
contain dense cytoplasm and prominent nuclei. The hypodermal 
cell, in one such case, is 4-nucleate and its cytoplasm 
possesses prominent vacuoles (Pig. 5^0)• This clearly 
shows that the endosperm tissue exerts some enzymatic 
influence on the integumental cells which causes, the hyper-
trophy and brings about their hystolysis. This is a novel 
condition for the fiubiaceae. 
The tangentially elongated cells which constitute the 
1-layered testa contain a conspicuous central vacuole. 
Sometimes at places the testa becomes 2-layered due to 
periclinal division of its cells (Fig. 559). 
Qldenlandia gracilis: 
By the time the embryo attains sphere-stage, the entire 
endosperm becomes cellular. The endosperm cells in the 
immediate vicinity of the embryo, are disorganized (Fig. 541). 
is surrounded by a lattice of 
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cell walls from whicli tlie cell contents have completely 
disappeared. A few islands of cells with, cell contents 
are also seen at places (Figs. 542, 5^3). In a seed with 
mature embryo, the walls of the disorganized endosperm cells 
disappear. There are three persistent layers of endosperm 
cells in the oldest seed examined. Cellulose deposition 
does not take place in the endosperm tissue and no food 
particles are discernable in its cells. On the outer 
tangential walls of the epidermis of the endosperm there is 
a cuticular deposition (Fig. 5 ^ ) ' Tiie entire integumental 
tissue is destroyed and consumed by the enchroaching 
endosperm tissue. Only the epidermis is left over which 
forms the 1-layered seed coat. The cells of the testa are 
tangentially elongated. On their outer tangential wall 
there is a thick deposition of cuticle (Fig. 5^5)• Tanin 
deposition does not take place in the cells of seed coat. 
Mitragyna parvifolia; 
The development of the seed in the taxon is similao? to 
that of 0. gracilis. The process of destruction of the 
endosperm takes place as in the latter species (Figs. >46-
548). The persistent endosperm is 2-3. layered (Fig. 549). 
Cellulose deposition takes place in the persistent endosperm 
cells but feebly. Its cells contain food substances of 
unknown nature. The cuticular layer on the outer tangential 
walls of the epidermis of the endosperm is rather thin 
79. 
dig. 5^9). 
The epidermis of the integument forms tlae 1-layered 
testa. Its outer tangential wall has a thick cuticular 
layer (Pig. 5^9)• The cells of the testa become replete 
with tanin granules in a mature seed. 
Pentas carnea var. alba and P. carnea var. coccinea: 
In P. carnea var. alba (Pig. 550) and P. carnea var. 
coccinea the endosperm becomes cellular and its cells 
undergo degeneration in the vicinity of the proembryo 
which is at the post octant stage. At the sphere stage of 
the embiyo, a large cavity is formed due to degeneration, 
of endosperm cells, whose cell contents are seen scattered in 
the central endosperm cavity (Figs. 551» 555)' The endosperm 
cells become enlarged before they begin to degenerate in 
P. carnea var. alba (Fig. 552). No such phenomenon is 
dascernable in P. carnea var. coccinea. In the oldest seeds 
examined, there are 4-5 layers of persistent endosperm cells 
(Figs. 553) 556). Starch grains and some food particles of 
unknown nature accumulate in the endosperm cells (Figs, 555, 
556). The persistent endosperm cells become feebly thick 
walled in P. carnea var. alb.a and moderately thick walled 
in P. carnea var. coccinea due to deposition of cellulose. 
The testa is 1-layered. The cells of testa have 
cellulose deposition on the inner surface of their outer 
tangential wall. The cellulose deposition is not uniform. 
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I t represents a beau t i fu l honey-comb-like p a t t e r n (F igs . 5^5-
556). Tlie remaining lumen of these c e l l s i s gorged with 
tan in granules (ffigs. 55^, 556). 
The t e s t a in severa l inves t iga ted fiubiaceae i s 1-layered, 
v i z . , G a l l i p e l t i s cueu la r ia , Sherardia a rvens i s (Lloyd, 1902), 
Coffea arabica (Mendes, 19^1), Borreria hispida^ Qldenlandia 
corymbosa (Farooq, 1952, 1953), Tarenna a s i a t i c a (Periasamy 
and Parameswaran, 1965), Oldenlandia dichotoma, Borreria 
s t r i a t a (Siddiqi and S idd ig i , 1968a, 1968b), Qldenlandia 
nudicaul i s (Farooq and Inamuddin, 1969), Anthocephalus 
chinens is , Argostemma sarmentosum, Richardia b r a s i l i e n s i s 
(Inamuddin, 1970), Galium t r i c o r n e , Oldenlandia g r a c i l i s , 
Mitragyna p a r v i f o l i a , Pentas carnea v a r . alba and P . carnea 
var . coccinea. A 2-layered t e s t a has been reported in 
Va i l l an t i a hispida (Lloyd, 1902), Oldenlandia a l a ta and 
Dentella rep ens (Saghavan and iiangaswamy, 19^1 A A 7-8 
layered t e s t a occurs in Hydrophylax maritima (Ganapathy, 
1956a) and 10-Iayered in Bubia cord i fo l ia (Venkateshwarlu, 
and Eao, 195^, 1958). According to J^arooq (i960) the t e s t a 
in Galium asperifol ium i s 2- layered. In h i s f igure 12 he 
has shown a l ayer of veiy small c e l l s below which there i s 
another layer of t angen t i a l l y elongated c e l l s . A somewhat 
s imi l a r condit ion occurs in G. t r i c o r n e , but the l aye r of 
small c e l l s i s a c tua l l y the inner epidermis of the pe r i ca rp . 
However, i t needs confirmation tha t the t e s t a in G. a s p e r i -
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folium is actually 2-layered or 1-layered. 
The testa in tlie fia"biaGeae forms a very hard covering 
due to heavy cutinization of the epidermis and tanin deposi-
tion in its cells. It hecomes exceptionally hard in P. camea 
var. alha and £. camea var. coccinea because of a thick 
honey-comb-like deposition of cellulose on the inner side 
of the outer tangential wall of the epidermal cells. 'I'his 
type of thickening has not been recorded earlier in the 
Rubiaceae (or probably elsewhere). 
In all the investigated members of the family the seeds 
are endospermous. The endosperm cells near the embryo 
become enlarged before they disorganize . in Diodia Virginiana, 
Richardsonia (Lloyd, 1902), Phyllis (Fagerlind, 1936b), 
Psychotria (Fagerlind, 1937-)» ^» tricorne and P. carnea 
var.alba. The mode of destruction of endosperm tissue 
surrounding the embryo in 0. gracilis and M. parvifolia as 
described above is very peculier. As far as the author is 
aware it has not been reported earlier. Variable cell 
layers of endosperm persist in the mature seed. Generally 
reserve food substances accumulate in the persistent endo-
sperm tissue, although 0. gracilis is an exception in this 
respect in which starch grains are present in the young 
endosperm cells but in a mature seed these disappear. There 
is a very thick cellulose deposition in the cells of persis-
tent endosperm in Borreria hispida, Qldenlandia corymbosa, 
82 . 
Galium asperifolium (Farooq, 1952, 1953» 1959) and Oldenlandia 
nudicdiulis ( larooq and Inamuddin, 1969). In other i n v e s t i -
gated Rubiaceae tlie ce l lu lose tliickening i s moderate or 
feebly th i ck . 
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DISOUSSION 
The Eabiaceae is a big family. Taxonomists consider 
it to be a natural group of plants, although, the only-
consistent feature in the rubiaceous plants is the presence 
of interpetiolar and intrapetiolar stipules. There is a 
controversy about the taxonomic position of the fiubiales-
and consequently of the family Eubiaeeae. It is difficult 
to determine the ancestral stock from which this heteromor-
phic group of plants has evolved. The similarities in the 
reproductive parts or otherwise could be the result of 
convergencies from several ancestral stocks, because a 
wide range of floral and morphological characters occurs in 
the family. Some genera bear pentamerous tetracyclic, while 
others tetramerous tricyclic flowers. The number of carpels 
varies from 10-2 (Hooker, 1872-1897). The ovary is inferior, 
although half-inferior ovary occurs in Synaptantha and 
superior in Gaertnera and Pagemia. The number of locules 
corresponds to the number of carpels. The placentation is 
axile. Gardenia is an exception in these respects in which 
the bicarpellary ovary is unilocular with parietal placen-
tation. 
The Eubiaeeae consists of two sub-families — Ooffeoi-
deae and Cinchonoideae. Schumann (1891) considers that the 
Ooffeoideae has evolved from the Cinchonoideae by reduction 
84. 
in ttie size of tlie placenta and as a consequence reduction 
in tlie number of ovules per locule. He further assumes 
that the genus Gephalanthus of the Oinchonoideae shows the 
transitional stage in which out of its six species one has 
polyspermous fruit chambers, while the remaining five 
possess monospermous ones. The embiyological data of the 
Rabiaceae are insufficient to defy or-support Schumann's 
assumption. However, it is not very safe to attach too much 
importance"to any one morphological character in, determining 
the degree of evolution of a plant or group of plants. 
The primitive and advanced characters of the two 
sub-families of the Kubiaeeae have been briefly enumerated 
below. 
The Goffeoideae 
Primitive characters: 
(a) Presence of the strophiola, which has been considered 
to be the second integument in the Eubiaceae by i'agerlind 
(1937). 
(b) Entry of the vascular supply in the ovules which 
possess strophiola. 
(c) Occurrence of 4-- to 50-celled archesporium. 
(d) The nucellar epidermis is 4— to 12-celled. 
(e) Presence of haustorial antipodal cells which 
persist upto late post fertilization stages in several taxa. 
(f) Multiplication of antipodal cells in some biotypes. 
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(g) Presence of long suspensor and of uni- or multi-
cellular suspensor haustoria. 
(h.) Presence of multiseriate suspensor. 
Advanced characters; 
(a) Eeduction in the size of placenta. 
(b) Presence of monospermous fiuit chambers. 
(c) Occurrence of tetrasporic iS-nucleate embiyo sac 
development in some members. 
"The Oinchonoidea e 
Primitive characters; 
(a) Presence of massive placenta. 
(b) Presence of polyspermous fruit chambers. 
(c) Presence of bicarpellary monolocular ovai:y with 
parietal placentation in Gardenia. 
Advanced characters; 
(a) Absence of strophiola except for in Gephalanthus. 
Qanephora, Tricalysia. 
(b) Absence of vascular supply in the ovule. 
(c) One to ^-celled archesporium and its absence in 
Houstenia which is highest evolved genus in this respect. 
(d) Occasional suppression of division in the micro-
pylar dyad. 
(e) Presence of the Allium type of embryo sac develop-
ment in some members. 
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(f) Presence of ephimeral non-haustorial antipodes. 
(g) Occurrence of the Cellular type of endosperm in 
Qphiorrhiza mungos and larenna asiatica, and sporadic 
occurrence of the Helobial type in 0. gracilis. 
(h) Occassional occurrence of the Onagrad type of 
embiyogeny in Anthocephalus chinensis and Argosteiama 
sarmentosum, and the Piprad type in the latter species. 
(i) Presence of short non-haustorial suspensor which 
is only 5-Gelled in Oldenlandia corymbosa. 
The above data clearly show that the Oinchonoideae 
possesses large number of advanced characters as compared 
to the Coffeoideae. Extensive study in the family is 
needed to determine the evolutionaiy trends within the 
family, the relationship between its tribes and its affini-
ties with the supposedly allied families. 
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SUMMARY 
Tiie embryological features of Galium tricorne, Ixora 
•undulata, Qldenlandia Kracilis, Mitragyna parvifolia, 
Pentas earnea var. alba and Pentas carnea var. coccinea 
Jaave been described. A brief discussion is given at the 
end of each chapter. 
1. The floral organogeny has been described. The 
floral organs differentiate in acropetal succession. The 
development of the gynoecium is of special interest in the 
family Rubiaceae which has been dealt with in some detail. 
2. The gynoecium in the above taxa is bicarpellaxy 
and epigynous. Sometimes tricarpellate flowers occur in 
^' tricorne, 1* undulata, 0. gracilis, and P. carnea var. 
alba, which shows that the bicarpellate condition in theaB 
forms is a derived one. The occurrence of six petals and 
six stamens in P. carnea var. coccinea has been observed. 
3. The anther wall development conforms to the. 
Dicotyledonous type. Rarely, the cell layer given to 
differentiate as the tapetum may divide periclinally to 
produce the middle layer in 0. gracilis and P. carnea var. 
alba ~ a feature of the Monocotyledonous type of anther 
wall development. Occasionally all the anther wall layers 
may divide periclinally at places in the taxa described. 
The tapetum is glandular, although occasional anther peri-
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Plasmodium has been observed in _G. tricorne, I. undulata, 
M* Parvifolia and P. carnea var. alba. The presence of 
Ubisch granules iias been noted in _G. tricorne and P. carnea 
var. coccinea. 
4. The microsporogenesis is of the simultaneous type. 
The miorospore tetrads are tetrahedral. Occasionally 
decussate microspore..tetrads occur in G. tricorne, X* undulata 
and P. carnea var. alba, and isobilateral tetrads in 
9.* gracilis and P. carnea var. alba and T-shaped tetrads 
in P. carnea var. coccinea. Sometimes microspores do not 
separate after the dissolution of the mother cell wall in 
5* caJ^ Jiea var. alba. 
5. There are 4-6 pores at the equator of the pollen 
grains in Q. tricorne, M. parvifolia and P. carnea var. 
coccinea, 4—5 in _0. gracilis, 3 i^ !• undulata and 2-4 in 
P. carnea var. alba. The pollen grains are shed at the 
$-nucleate stage. 
6. The ovules are tenuinucellate, unitegminal and 
anatropous in G. tricorne, hemianatropous in I. undulata, 
M. parvifolia, P. carnea var. alba , P. carnea var. coccinea 
and anacampylotropous in _0. gracilis. Orthotropous ovules 
occasionally occur in P. carnea var. alba. The strophiola 
is present on the funicular side of the ovule in I. undulata. 
In one exceptional case in I. undulata the strophiola on 
its micropylar side shows indication of initiation of 
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anotlier formation, 
Eadothelium i s d i f f e r e n t i a t e d in G.^  t r i c o r n e and 
Q* g r a c i l i s and chalazal n u t r i t i v e t i s s u e in G. t r i c o r n e 
alone. Tlie nucel lus i s 4 - to 7-cel led in G. t r i c o r n e and 
I . undulata, wiiile in other species descr ibed i t i s 1- to 
3-cel led . The nucel lus presen ts a t u b e - l i k e appearance in 
I . undulata,, crescent-shaped in G.- t r i c o r n e and f l a t i*n 
other spec ies . 
7. The female archesporium d i r e c t l y functions as the 
megaspore mother c e l l . Megasporogenesis i s of the successive 
type. The archesporium i s m u l t i c e l l u l a r in G, t r i c o r n e and 
1- to 2-cel led in the remaining taxa descr ibed . Sometimes, 
the d iv i s ion in the micropylar or chalazal dyad mey be 
delayed. The megaspore t e t r a d s are l i n e a r and occasional ly 
T-shaped or inver ted T-shaped in 1. undulata and 0. g r a c i l i s . 
T-shaped t e t r a d s a re occasional ly present in G. t r i c o r n e , 
P . carnea var . alba and P . carnea var . coccinea. Ehomboidal 
megaspore t e t r a d s occur in 1. undulata , 0. g r a c i l i s and 
M. p a r v i f o l i a . The chalazal megaspore i s fijuictioning, 
although some v a r i a t i o n s in t h i s regard have been noted. 
8. The embryo sac develops in conformity with the 
Polygonum type. The megaspore germinates by tube formation 
in G. t r i c o r n e . The megaspore tube makes i t s way i n to the 
micropylar canal , where the development of the embryo sa.c 
takes p lace . In other species the embryo sac develops in s i t u . 
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The synergids are rarely hooked in 0. sracilis. The 
antipodes form the major part of the embryo sac in _§. tricorne, 
are haustorial and persist till late post fertilization 
stages.. In M. parvifolia one or two antipodal cells of a 
sac are conspicuous and are retained till post fertilization 
stages. These could be haustorial. In other species they are 
variously arranged and ephemeral. Multiple sacs occur in 
G» tricorne, I. undulata, 0. gracilis, P. carnea var. 
Goccinea. Earely the embryo sac with reverse polarity 
has been noted in G. tricorne and I. undulata* 
9« The flowers are entimophyllous. The stigma is 
papillate and glandular. The stigma of M. parvifolia is of 
special interest. Its anatomy has been described in some 
detail. The pollen grains have been observed! on the 
sti^natic papillae but the course of pollen tube could not 
be determined (except for M. parvifolia). 
10. Generally both the synergids are destroyed in 
the act of fertilization. Occasionally one synergid 
remains healthy in the fertilized sac in G. tricorne, 
I. undulata, 0. gracilis and M. parvifolia. Sometimes 
both the synergids may remain unaffected in P. carnea var. 
GOCcinea, G. tricorne and M. parvifolia. The second sperm 
nucleus fuses with the secondary nucleus to form the 
primary endosperm nucleus. Triple fusion has been noted in 
one case in P. carnea var. alba. 
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11. Tlie endosperm development is of tlie i'ree Nuclear 
type. In 0. gracilis it is of the Periplieral type, while 
in others of the diffused type. The Helobial type of endo-
sperm development may occasionally take piace in 0. aracilis. 
In an exceptional case, a nucleate cytoplasmic vesicle has 
heen noted in 0. gracilis. 
12. The emhryogeny in G. tricorne essentially- conforms 
to the Sherardia variation of the Solanad type. Its suspen-
sor cells send out branched haustoria into the endosperm 
tissue, which may bear proembryos at their apices. In some 
cases the zygote divides irregularly producing a zygotic 
mass of cells. These give out filamentous structures, which 
in turn produce embryos. Nicotiana variation of the 
Solanad type of embryogeny occurs in 0. gracilis, M. parvi-
folia, P. carnea var. alba and P. carnea var. coccinea. 
Occurrence of multiseriate suspensor haustorium in M, parvi-
folia is the first record in the Ginchonoideae. Cases of 
cleavage polyembryony have been noted in G. tricorne. 
13. The testa is 1-layered in G. tricorne, 0. gracilis, 
M* parvifolia, P. carnea var. alba and P. carnea var. 
coccinea. The testa in P. carnea var. alba and P. carnea 
var. coccinea is exceptionally hard due to a thick honey-
comb-like deposition of cellulose on the inner side of the 
outer tangential wall of the 1-layered testa. The seeds are 
endospermous. The mode of destruction of the integumental 
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tissue by the encroaciaing endosperm and in turn the destruc-
tion of the endosperm by the developing embryo have been 
described in some detail. 
14. The structure of the mature seed has been given. 
15, In the main discussion, the advanced and primitive 
embryological characters of the Goffeoideae and Cinchonoideae 
have been compared and conclusion drawn. 
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ir^"^ Ace No. 
Figs . 7-'1^« G» t r i c o r n e . Figs* 15-18. I , undulata . 
F igs . 19, 20. 0. g r a c i l i s . Fig. 21 . M. p a r v i f o l i a . 
F igs . 22-25. P . carnea var . a lba . F igs . 26-28. P . carnea 
var . coccinea. 
Fig. 7. B i s e r i a t e m u l t i c e l l u l a r triciiome in the a x i l of 
b r a c t . Fig. 8. Un ice l lu la r trichome. Fig, 9- M u l t i c e l l u l a r 
club-shaped trichome in long i tud ina l sec t ion . Fig. 10. T . s . 
of flower showing two orescent-shaped nectary glands crowned 
the base of s t y l e . Fig. 11 . L . s . ovary to show the positixDn 
attachment of the ovules to the p lacen ta . Fig. 12. Var t ica l 
sect ion o f . t h e nectary gland. Fig. 13. T . s . of a t r i c a r p e -
l l a t e ovary. Fig. 14. T . s . of middle p a r t of the ovary to 
show the p o s i t i o n of the placenta and the stro|>hiola./^<^./5rT5-. 
ofojo.ij. jfig. 16. Ve r t i ca l sec t ion of nectary gland. Fig. 17. T . s . 
of a t r i c a r p e l l a t e ovary. Fig. 18. T . s . of a t r i c a r p e l l a t e 
flower showing three s t y l e s which have fused toge ther . 
Fig. 19. T . s . of flower to show the stamens which are s i t u -
ated opposite to the p e t a l s . Fig. 20. T .s . of ovary show-
ing the massive placentae which a r i s e from the middle of 
the septum. Each placenta bears severa l ovules. Fig. 21 . 
T . s . of flowe'r. The stamens a l t e r n a t e with the p e t a l s . 
The stigma has undulated ou t l ine with ten furrows. 
Fig. 22. T . s . of the middle pa r t of the ovary showing 
two kidney-shaped placentae bearing several ovules on 
each. The placenta i s s t a lked . Fig. 23 ' Mul t i ce l lu l a r 
trichome in l . s . . Fig. 24. T . s . . o f t r i c a r p e l l a t e ovary. 
The ovary wall bears numerous 2- to 4-ce l led u n i s e r i a t e 
tr ichomes. F ig . 25. T . s . of flower showing f ive unequal 
calyx lobes-and m u l t i c e l l u l a r trichomes cut t r ansve r se ly . 
Fig. 25. L . s . of young bud showing shield-shaped placentae 
bearing severa l ovules. M u l t i c e l l u l a r trichome i s s i t ua t ed 
on the adaxia l surface near the base of the calyx. The 
calyx lobes bear several 1- to 3-cel led trichomes on both 
t h e i r su r faces . Fig. 27. L . s . of ovary. There are numerous 
3-cel led trichomes oh i t s outer surface . The terminal c e l l 
of the trichome i s r e p l e t e with tan in granules . Fig. 28. 
T . s . of a flower with s ix p e t a l s and s ix stamens whcih 
a l t e r n a t e with the co ro l l a . 
(Eeconstructed f igures . 10, 13, 14, 17, 24, 25, 26, 28) . 
M l , IS, 16.24 
5Sf 10,14,15.17-2, ^"tt »S,*ij_,e 
Figs . 29-56. G. t r i c o r n e . E'ig.. .37« !• undula ta . 
F igs . 38-43. 0. g r a c i l i s 
Fig. 29. L . s . of young bud in tJae a x i l of a b r a c t . 
F igs . 30, 31 . I n i t i a t i o n of corolla and stamen primor-
dia r e spec t ive ly . Fig . 32. An older s tage of the bud. 
Fig. 33* Tile gynoeci-um a r i s i n g below tJae stamen primor-
d i a . Fig . 3^« An older s tage showing the carpel primord-
ia and the basa l outgrowth. Fig, 35. L . s . of young bud 
showing the downward extension of the septum. Fig, 35. 
L . s . of an o lder bud. The septiim has- fused with the basal 
outgrowth. The placenta i s very low. Fig, 37. L . s , of 
bud showing the pos i t i on of the placenta and the ovules 
with s t rophio la on i t s raphe s ide . Fig. 38. L . s , of 
young bud s i t ua t ed in the a x i l of a b r a c t . Figs.39'-41. 
L . s . of bud in which the calyx, corol la and stamen 
primordia a re p re sen t . The gynoeciizm primordia a re being 
d i f f e r e n t i a t e d l a s t of a l l . Fig. 42. shows the carpel 
primoi?dia and the basa l outgrowth. Fig . 4-3. L . s . of bud 
showing the shield-shaped placenta which i s a t tached 
to the middle of the septum. 
(Reconstructed f igu res . 32-37, ^0, 42, 43) . 
29-36,38-40 ,42 ,43 • '41 
Pigs . 44--50. M. p a r v i f o l i a . M g s . 51-57' ?• carnea var . a lba . 
F igs . 58-65, P . carnea var , coccinea. 
Fig . 4^. I n i t i a t i o n of bud in the a x i l of a b r a c t . F ig . 
45. L . s . bud siiowing t h ^ n i t i a t i o n of calyx primordia. 
Fig. 46. L . s . bud showing i n i t i a t i o n of corol la rudiments. 
F igs . 4-7, 46. L . s . bud showing i n i t i a t i o n of stamen p r i -
mordia a t the base of c o r o l l a . Fig. 49. L . s . bud showing 
i n i t i a t i o n of gynoecium and the p lacen ta . Fig, 50. L . s . 
bud showing the pendulous placenta with ovules on i t s 
abaxia l surface and mitriform stigma. Fig . 51 • I n i t i a -
t i on of bud in the a x i l of b r a c t . Fig. 52. L . s . bud 
showing the rudiments of calyx. Fig. 55* L . s . bud show-
ing the fundaments of co ro l l a . Fig. 54. L . s , bud. The 
stamens a r i s e a t the base of corol la lobes . Fig. 55. 
I n i t i a t i o n of the gynoecium primordia. Fig, 56. L , s . bud. 
The hemispherical p lacentae a re at tached to the middle 
of the septum. Fig. 57. T . s , ovary showing the shape of 
the p l acen ta . The ovary wall bears 5-cel led u n i s e r i a t e 
tr ichomes. Fig. 58. Young bud in the a x i l of a b r a c t . 
F igs .59 , 60. I n i t i a t i o n of the calyx and corol la primor-
dia r e spec t i ve ly . Fig. 61 . I n i t i a t i o n of stamen primordia 
a t the base of the corol la lobes . F igs . 62, 65. showsc-the 
primordia of stamens a t the base of the corolla lobes and 
i n i t i a t i o n of the gynoecium. Fig, 64. L . s . of bud before 
the i n i t i a t i o n of ovule primordia on the p lacenta . Fig . 
65. L . s . of older bud. The s ta lked placenta i s a t tached 
to the middle of the septum. 
(Eeconstructed f igu res . 45-47, 49, 54, 61-65). 

Figs. 66-77. G. t r i co rae . Eigs. 78-82. I . undulata. 
Figs. 83-89. 0. g r a c i l i s . 
Figs. 66, 67. T.s. antlier siiowing differentiat ion and 
per ic l ina l division of arctiesporial c e l l s . Fig. 68. 
Section of anther siiowing per ic l ina l division of primaiy 
par ie ta l layer. Fig. 69. Section of anther. Per ic l inal 
division in the outer par ie ta l layer. Figs. 70, 72. 
Section of anther. The three anther wall layers have been 
formed. Fig. 71. Section of anther. One cel l of middle 
layer has divided per ic l ina l ly . Fig. 73. Section of 
anther showing radial ly elongated tapetal ce l l s , one of 
them i s binueleate. The middle layer i s almost crushed. 
Fig. 74. L.s . anther. The tapetum i s 2-layered, middle 
layer has disappeared. Fig. 75. Section of anther. The 
tapetal ce l l s extended into anther locule. Their inner 
tangential wall has disintegrated. Fig. 76.shows tapetal 
periplasmodium and Uhisch granules adhering to the micro-
spores. Fig. a. Section of anther. The endothecium i s 
2-layered on the connective side. Fig, 78. Section of 
anther showing 2-layered tapetxam whose cel ls are tangenti-
a l ly elongated. Fig. 79. shows dissociated tapetal ce l l s . 
Fig. 80. Section of anther showing the endothecial layer 
and anther periplasmodium. Fig. 81. shows the endothecial 
layer. One of i t s cel ls i s 3-nucleate and the other 
2-nucleate. Fibrous thickenings have been deposited. 
Fig. 82. The endotheciuja i s 2-layered on the connective 
side. Figs. 83, 84, Differentiation and per ic l ina l 
division of the male archesporium respectively. Fig. 85. 
Section of anther. One ce l l of the sporogenous layer 
dividing. Fig. 86. L.s, of anther. One cell of the 
inner pa r i e t a l layer dividing per ic l ina l ly . Fig. 87. 
Section of anther. Per ic l ina l division of outer par ie ta l 
layer. Fig. 88. L.s, anther. The tapetixm i s 2-layered. 
I t s cel ls are tangentially elongated and middle layer 
has disappeared. Fig. 89* The endothecitim on the 
connective side i s 2- to 3-layered. 
(Reconstructed figures. 68, 75, 11-, 81). 
SO>U 66-Sft 
Eigs. 90--95. M. T>arvi£olia. Eigs, 96-10A-. P . carnea -var. a lba . 
F igs . 105-11$. P . carnea var . coccinea. 
Fig. 90. T . s . of anther showing d i f f e r e n t i a t i o n of arche-
sporium. F ig . 91 . T . s . an ther . P e r i c l i n a l d iv is ion of 
archesporium. Fig. 92. T . s . anther showing sporogenous 
layer and p e r i c l i n a l d iv i s ion of primary p a r i e t a l l aye r . 
Fig. 93. Sect ion of an ther . The endothecia l , middle layer 
and tapetum d i f f e r e n t i a t e d . One t a p e t a l c e l l has divided 
p e r i c l i n a l l y . Fig . 94-. Section of anther showing the endo-
t h e c i a l l aye r and 2-layered tapetum whose c e l l s are r a d i -
a l l y elongated. Middle l aye r has disappeared. Fig. 95. 
Section of an the r . The endothecium i s 2- layered. Middle 
layer has disappeared and the tapetum has formed p e r i p l a s -
modium. F igs . 96-98. Sect ion of an ther . The d i f f e r e n t i a t i o n 
of archesporium and i t s p e r i c l i n a l d iv i s ion re spec t ive ly . 
Fig. 99. Sect ion of an ther . The primary p a r i e t a l l ayer has 
divided p e r i c l i n a l l y . The outer p a r i e t a l layer i s under-
going p e r i c l i n a l d i v i s i o n . Fig . 100. Section of an ther . 
The inner p a r i e t a l l ayer undergoing p e r i c l i n a l d iv i s ion 
to produce the middle layer and t a p e t a l l ayer . Fig. 101. 
Section of an the r . One c e l l of the middle layer i s d i v i -
ding p e r i c l i n a l l y . Fig. 102. Section of anther showing the 
endothecial l aye r and r a d i a l l y elongated t a p e t a l c e l l s . One 
t a p e t a l c e l l i s 2-nuclea te . Middle l ayer has disappeared. 
Fig . 103. Sect ion of an ther . Two c e l l s of the t ape tg l l ayer 
have divided p e r i c l i n a l l y . Fig. 104 shows 2-layered endo-
thecium, a narrow s t r i p of middle l ayer and t a p e t a l p e r i -
plasmodium. The pol len grains are 2-nuGleate. F igs . 105-
107 shows the d i f f e r e n t i a t i o n of archesporium and i t s p e r i -
c l i n a l d iv i s ion r e spec t ive ly . Fig. 108. Section of anther . 
in"Which the endothecia l , middle and t a p e t a l l ayers have 
been formed. F ig . 109. Section of an ther . One c e l l of the 
middle l aye r has divided p e r i c l i n a l l y . Fig . 110. Section of 
anther showing the endothecial l ayer and r a d i a l l y elongated 
t a p e t a l c e l l s . Middle layer has disappeared. Fig. i l l . L . s . 
of anther 'showing 2-layered tgpetum. Fig. 112. Section of 
an ther . The middle layer has disappeared. The tapets^l c e l l s 
has d i s soc ia t ed to form the periplasmodium. Ubisch granules 
are adhering to the microspores and a l so seen on the wall 
of t a p e t a l c e l l s . F ig . I I 3 . Section of anther showing 2-
& 3-layered endothecium. 
(Eeconstructed f igures . 91 , 95, 104, 110, 111, 113). 
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Figs.- 114-12?. G. t r i c o r n e . B'igs. 128-139. I . undula ta . 
P igs . 140-156. 0. g r a c i l i s . 
? i g . 114. Nucleus of microspore mother c e l l a t prophase 
s t age . Fig. 115* Thick ce l lu lose deposi t ion in s ide the 
mother c e l l wall and d iv id ing microspore mother c e l l 
nuc leus . F igs . 115-118. Tet rahedra l , i s o b i l a t e r a l and 
decussate microspore t e t r a d s respectil^ely. Fig . 119^ 
Liberated microspore with a la rge cen t ra l vacuole. 
Fig . 120. 6-porate microspore has dense cytoplasm. The 
c e n t r a l vacuole has disappeared and s ta rch gra ins have 
begun to accumulate. Fig . 121. 5-porate pol len grain a t 
2-nucleate s t age . Fig. 122. 4-porate pol len grain a t 
2-nucleate s t age . Both the nuc le i a re of equal s i z e . 
Fig. 123. A generat ive c e l l organized in the pol len 
gra in . Fig. 124. Division of the generat ive nuc leus . 
Fig . 125. 3-nucleate mature pol len gra in . Starch gra ins 
a re p resen t . F igs . 126, 127. The pol len grains r e p l e t e 
with s t a rch g ra ins , b u t . a r e degenerat ing. Fig. 128. 
Microspore mother c e l l . The ce l lu lose deposi t ion i s . 
f eeb le . F igs . 129-131- Tetrahedral microspore t e t r a d s . 
JPig. 132. Decussate microspore t e t r a d . Fig. 133. A micro-
spore. Fig. 13^ ' 2-nucleate pol len gra in . Fig. 135. 2 - c e l l -
ed po l len g ra in . Fig. 136. 5-iiucleate pol len g ra in . Fig. 
157' Microspore, with s t a rch grains in i t s cytoplasm. 
Fig. 138. Mature pol len gra ins free from s ta rch g ra ins . 
Fig. 139» Mature 3-n.ucleate pol len gra in . Fig. 140. Micro-
spore mother c e l l with th ick deposi t ion of c e l l u lo se on 
the inner s ide of i t s wal l . The nucleus i s a t prophase 
s t age . F igs . 141-143. Meiotic d iv i s ions in microspore 
mother c e l l s . Figs.144, 145. Tetrahedral and rhomboidal 
microspore t e t r a d s . F igs . 146, 147. Abnormal microspore 
t e t r a d s (for explanation see the t e x t ) . Fig. 148. Freshly 
liberated_y_oung microspore. F igs . 149, 150. 4 - and 5-po-
r a t e microspores respec t ive ly with a prominent cen t r a l 
vacuole in each. Fig. 151- 3~porate microspore with nuc l -
eus a t the prophase s t age . The i n t i n e i s extending out 
from one of the germ pore . Figs.152, 153. 4 - and 5-porate 
2-nucleate pol len g ra ins , con ta in la rge quanti ty of s tarch 
g r a in s . Fig . 15^« 2-nucleate pol len gra in . Fig . 155. 2 - c e l l -
ed pol len g ra in . Fig . 156. 3-nucleate pol len gra in r ep l e t e 
with s t a rch g ra in s . 
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Figs . 157-166. M. •parvifolia. P igs . 167-190. P. ' carnea var . 
a lba , i ' igs , 191-204. P . carnea var . coccinea. 
Fig . 157. Microspore mother c e l l . The ce l lu lose t h i ck -
ening i s feeble . F igs . 158-160. Stages of meiosis . 
Fig. 161, showing secondary nuclear spindles of meiosis 
I I . Fig. 162. Microspore. Vacuole i s not p resen t . F igs . 
163^ 164. 2-nucleate and 2-cel led pol len grains r e s p e c t i -
vely . F igs . 165, 166. Mature pol len gra ins fu l l of s ta rch 
g ra in s . Fig . 167. Microspore mother c e l l with th ick c e l l -
u lose deposi t ion on i t s inner wal l . F igs . 168, 169. Meio-
s i s I i n microspore mother c e l l and meiosis I I . Three 
microspore nuc le i and secondary spindles a f t e r meiosis 
I I . Fig. 170. Tetrahedral microspore t e t r a d . F igs . 171, 
172. I s o b i l a t e r a l microspore t e t r a d . Fig. 173. Decuss-
a t e microspore t e t r a d . F igs . 174-178. Tetrahedral , rhom-
boidal and decussate microspore t e t r a d s out of the wall 
of the mother c e l l . Fig. 179. Young microspore a f t e r 
l i b e r a t i o n from the mother c e l l wal l . Fig. 180. Micro-
spore with a b ig cen t r a l vacuole. Fig. 181. Microspore 
f u l l of cytoplasm with s ta rch g r a in s . Fig. 182. Micro-
spore in which growth i s a r r e s t ed . Fig . 183. Glass-
hour-shaped microspore. F igs . 184, 185. Three and four-
pora te po l len grains r e spec t ive ly , f u l l of s tarch grains 
and degenerated n u c l e i . Fig*'386* 2r'huGleate pol len 
gra in . Both the nuc le i a re equal in s i z e . Fig. 187. 2-nu-
c lea t e pol len gra in f u l l of s tarch g ra ins . The vegeta t ive 
nucleus has degenerated. Fig. 188. 2-ce l led pol len grain . 
Fig. 189. Mature ^-^u-cleate pol len gra in . The nucle i are 
represented by' chromatin mat ter . Fig. 190. Pol len grain 
which has germinated in s i t u . Fig. 191. Microspore 
mother c e l l with th ick ce l lu lose deposi t ion on i t s inner 
__wall sur face . Fig . 192. Meiosis I I in the microspore 
mother c e l l . Fig. 193 showing secondary nuclear spindles 
a f t e r meiosis I I . Fig. 194. Cytokinesis . F igs . 195, 196. 
Tetrahedral and decussate microspore t e t r a d s respec t ive ly . 
F igs . 197, 198, I s o b i l a t e r a l and T-shaped microspore 
t e t r a d s r e spec t ive ly . Fig. 199. 3-porate microspore. 
Fig. 200. Microspore in which the growth has been a r r e s -
ted . Fig. 201. Equator ial view of the pol len g r a i n . . F i g . 
202. 2-nucleate pol len grain with both the nucle i of 
equal s i z e . Fig. 203. 2-cel led pol len gra in . Starch grains 
are p re sen t . Fig. 204. 3-nuGleate pol len g ra in . Starch 
grains a re p re sen t . 
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Figs . 205-215. G. t r i e o r n e . l i g s . 214-218. I . undulata . 
Pig. 205. L . s . of basal outgrowth. Di f fe ren t i a t ion of 
arclLesporium lias taken place "before tiie i n i t i a t i o n of 
tlie ovules . Fig . 206. L . s . of young ovule. Differen-
t i a t i o n of tlie nuce l l a r epidermis and tiie integument. 
Fig. 207. L . s . of ovule. A l a t e r s tage of the same. 
The integument has outgrovm the nuce l lus and short micro-
pyla r canal has been formed. Fig. 208. A pa r t of the 
micropylar canal showing d i f f e r e n t i a t i o n of endothelium. 
Fig. 209. L . s . ovule. The ovule has become anatropous. 
There i s long micropylar canal and a t i t s bottom the 
nuce l l a r epidermis i s p re sen t . Fig. 210. L . s . of ana-
tropous ovule. The megaspore tube has entered the micro-
py la r canal and 2-nucleate embryo sac has been produced. 
Fig. 211. L . s . ovule. The 4-nucleate embryo sac has 
reached high up in to the micropylar canal . The so cal led 
subs id ia iy a rchespor ia l c e l l s show var ious s tages of 
degenerat ion. Fig. 212. Some megaspore t e t r a d s are 
surrounded by subsidiary a rchespor ia l c e l l s . Fig, 213. 
L . s . ovule. The egg apparatus of the mature sac i s 
s i t ua t ed some d is tance below the micropylar opening. 
Fig. 214. L . s . ovule shows the massive integument, long 
d e l i c a t e micropylar canal . At the bottom of the l a t t e r 
i s the 5-ce l led nucel lus i s arranged in a t ube - l ike form, 
enclosing a 2-ce l led archesporium. On the raphe s ide i s 
the s t r o p h i o l a . At the micropylar s ide the s t rophiola 
shows the i n i t i a t i o n of another formation. Fig. 215. L.s . 
ovule showing a l i n e a r megaspore t e t r a d capped by the 
.nuce l l a r epidermis. Fig. 216. L . s . ovule showing the 
vascular supply in the chalazal pa r t of s t roph io la . The 
walls of the nuce l l a r epidermal c e l l s has disappeared but 
t h e i r nuc le i a re seen. The embiyo sac i s a t 2-nucleate 
s tage . Fig . 21?. L . s . ovule. The n u c e l l a r epidermis has 
disappeared a t the 4-nucleate s tage of the sac. Fig. 218. 
L . s . ovule. Mature embryo sac which has developed in- .s i tu . 
(Eeconstructed f igures . 205, 207, 209, 211-215, 215, 216, 
218). 
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Figs . 219-226. p . g r a c i l i s . F igs . 227-231. M. pa rv i fo l i a . 
F igs . 219. 220. I n i t i a t i o n of ovules on the p lacen ta . 
Fig. 221. The ovule has undergone curvature . I t contains 
the a rchespor ia l c e l l . 0?he integument has i n i t i a t e d and 
a shor t micropylar canal i s seen. Fig . 222. At the mega-
spore t e t r a d s tage the ovule has become hemianatropous. 
Fig. 223. At the 2-nucleate s tage of the sac the micro-
py la r canal i s qu i te long and the ovule i s hemianatropous. 
Fig. 224. A longi tud ina l sec t ion of the ovule containing 
4-nucleate sac . I t s configurat ion i s anacampylotropous. 
The micropyle i s s t rongly curved. Fig. 225. Ovule conta in ing 
mature sac . Fig. 226, Two ovule s i tua ted near each other 
one i s hemianatropous and the other orthotropous. Both 
contain 2-nucleate sac . Fig . 227- At the a rchespor ia l 
c e l l s tage the ovule has assumed hemianatropous conf i -
gura t ion . F igs . 228-250. L. s . of ovules m t h megaspore 
t e t r a d , 2-nucleate and 4-nucleate embryo sac . The ovules 
t ape r a t the micropylar as well as the chalazal ends. 
Fig . 231. At the mature embryo sac s tage , the chalazal 
p a r t of the ovule becomes rounded and very massive. 
(Reconstructed figures. 220, 221, 223, 229, 23O, 231) 
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, to A . . . . . . . A u-SS^ m,ttl.tt3.tt8-t3l ' - i i l 
I ' igs. 232-238. P . carnea var . a lba . P igs . 259-246. P. carnea 
var . coccinea. 
Pig. 232. The ovule' containing arciiesporium Jaas under-
gone curva ture . Pig. 233. At tiae megaspore t e t r a d , a 
short micropylar canal has been formed. The remains of 
the nuce l lus a re seen a t the bottom of the micropylar 
canal . P ig . 234. At the 2-nuGleate s tage of the sac , the 
ovule has a t t a ined i t s d e f i n i t i v e hemianatropous configu-
r a t i o n . P igs . 233? 236. At the 4-nucleate and mature sac 
s tage r e spec t i ve ly , the ovule increases in s i z e . Pig . 237. 
Orthotropous ovule with 2-nucleate embryo sac . The micro-
p y l a . i s wide and the embryo sac extends beyond the ovule 
l i m i t s . P ig . 238. Orthotropous ovule. I t i s grown towards 
the ovary wal l . I t contains a mature but degenerated 
embiyo sac . Pig . 239. I n i t i a t i o n of ovule primordia on the 
smooth surface of the p lacen ta . Pig. 240. The young ovule 
has grown s t r a i g h t upwards. Pig. 241. The ovule has under-
gone s ign i f i c an t curvature . The i n i t i a t i o n of the in tegu-
ment has begun. Pig. 242. At the megaspore t e t r a d stag-p, 
the ovule has become hemianatropous. Pigs .243, 244. The 
only change in the ovule i s increase in s i z e . Pig. 245, 
The ovule containing mature sac . Pig. 246. Two ovule pri-.-
mordia have fused togehte r . There a re two mature sacs 
s i t ua t ed qu i te apar t from each o ther . There are two micro-
pyla r cana l s . 
(Reconstructed f igures . 255, 256, 246). 
246 
so/I 
-• 232,233,240,241,246 50/1 -< 234-239.242—245 
Pigs . 247-250. G. t r i c o r n e . P igs . 251-253- I . undula ta . 
P igs . 25-4-257. 0. g r a c i l i s . P igs . 258, 259. M. p a r v i f o l i a . 
P igs . 260-262. P . carnea var . a lba . P igs . 263,264. P . camea 
var . coGcinea. 
Pig. 247. Early d i f f e r e n t i a t i o n of tJae female archespo-
rium. Pig. 246. M u l t i c e l l u l a r arcliesporium capped "by-
four n u c e l l a r epidermal . c e l l s . Pig. 249. Archesporial 
and accessory a rchespor ia l c e l l s . Pig. 250. Two arche-
spo r i a l c e l l s s i t ua t ed one above the other . Pig . 251• 
One a rchespor ia l c e l l covered by s ix nuce l l a r epidermal 
c e l l s i n a t ube - l i ke form. Pig. 252. Two superposed arch-
espor ia l - c e l l s . There a re n ine nuce l l a r epidermal c e l l s 
which cover them. Pig. 253* Two archespor ia l c e l l s s i t u a -
ted one above the o ther . Pig . 254, The a rchespor ia l c e l l . 
Pig. 255* Two superposed archespor ia l c e l l s . P ig . 256. Two 
archespor ia l c e l l s ly ing s ide by s i de . Pig. 257. Two arche-
spor i a l c e l l s s i t ua t ed one above the other . Pig . 258. The 
a rchespor ia l c e l l . The n u c e l l a r epidermal c e l l s degenera-
t i n g . Pig . 259. The c e l l s of 2-cel led archesporium s i t u a -
ted one above the o ther . Pig . 260. The d i f f e r e n t i a t i o n 
of the a rchespor ia l c e l l . P ig . 25l . The a rchespor ia l c e l l 
a t the time of d i v i s i o n . Pig . 262. Two archespor ia l c e l l s 
lying s ide by s ide . Pig . 263. Hypodermal d i f f e r e n t i a t i o n 
of the archesporium. Pig . 264. Two archespor ia l c e l l s 
lying s ide by s ide . 
(Reconstructed f igures . . 247-249). 
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Figs. 265-269. G. tricorne. Pigs.270-279. I . undulata. 
Figs, 280-291. 0. gracilis. Figs. 292-29'4-- M. parvifolia. 
Figs. 295-303. P. camea var. alba. Figs. 304-509. P. carnea 
var. coccinea. 
Fig. 265. Linear megaspore tetrad. Fig. 266. Micropylar 
megaspore has degenerated and three chalazal one are 
healthy. Fig. 267. The upper two megaspores of a T-shaped 
tetrad have degenerated. Fig. 268. The upper three mega-
spores of a T-shaped tetrad have degenerated and the chala-
zal one is functioning. Fig. 269. The dyads. Fig. 270. Li-
near megaspore tetrad. Fig. 271. The chalazal megaspore is 
functioning. Fig. 272. Micropylar megaspore of the linear 
tetrad has degenerated and the remaining three are healthy. 
Fig. 273. The two micropylar megaspores have degenerated 
and the two chalazal ones are healthy. Fig. 274. T-shaped 
megaspore tetrad with a l l the four megaspores healthy. 
Fig. 275. One upper and .the chalazal megaspores of T-shap-
ed tetrad are healthy. Fig. 276. The two chalazal mega-
spores of T-shaped tetrad are healthy. Fig. 277. Two 
chalazal megaspores of inverted T-shaped tetrad are heal-
thy. Fig. 278. Only the chalazal megaspore of a rhomhoidal 
tetrad is functioning. Fig. 279. Two megaspore tetrads 
situated one above the other. In the upper one only two 
megaspores are seen, out of which the chalazal one is 
healthy. The lower tetrad is T-shaped with the two chala-
zal megaspores healthy. Figs. 280-283. Transverse division 
of archesporial cell. Fig. 284. Linear tetrad. Only chala-
zal megaspore is' functioning. Fig. 285. Two chalazal mega-
spores are healthy. Fig. 286. The upper dyad has divided 
by an oblique wall and one of the resultant megaspores 
is healthy, while in the other one the nucleus is not 
seen and the two chalazal megaspores are healthy. 
Figs. 287, 288. Two chalazal megaspores of T-shaped 
tetrads are healthy. Fig. 289. The lower two megaspores 
of inverted T-shaped tetrad are functioning. Fig, 290. Two 
megaspore tetrads lying side by side in the same ovule. 
One is T-shaped and the other inverted T-shaped, In the 
T-shaped tetrad the lower two megaspores are healthy, while 
in the inverted T-shaped tetrad, the micropylar and one of 
the lower two megaspores have degenerated. Fig. 291. Two 
megaspore tetrads in the same ovule situated one above the 
other. The upper one is rhomboidal in which the micropylar 
and chalazal megaspores are healthy. The lower tetrad is 
linear in which the micropylar and chalazal megaspores are 
healthy. Fig. 292. Division in archesporial cell . Fig. 293. 
Linear tetrad with chalazal megaspore healthy. Fig. 294. 
One of the two middle megaspores of rhomboidal tetrad 
healthy. Fig.'295. Division of archesporial cell . Fig. 296. 
The dyads. Fig. 297. The division in micropylar dyad lags 
behind. Fig. 298. Division in chalazal dyad delayed. 
Fig. 299. Linear megaspore tetrad. Fig. 3OO, Only the 
chalazal megaspore is functioning. Fig. 301. The micro-
pylar and chalazal megaspores of a linear tetrad healthy. 
Fig. 302. Division in the dyads to produce T-shaped te t -
rad. Fig. 303. T-shaped tetrad. Fig. 304. Division of arch-
esporial cell . Fig. 305. The dyads. Fig. 3O6. Linear tetrad 
in which the second megaspore from the micropylar end has 
degenerated. Fig. 307. Two chalazal megaspores healthy. 
Fig. 3O8. The chalazal megaspore is functioning. Fig. 309. 
?^!!^^?!$ tetrad with a l l the four megaspores healthy. (.Heconstmcted figure. 384; ° ^ "*S7 • 
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Figs . 510-520. G. t r iGorne. F igs . 521-555* !• \indulata. 
Fig. 510 sliows the migrat ion of tlie megaspore tube 
in to tlie micropylar canal . Fig. 511 • Division of 
megaspore nuc leus . F igs . 512, 515* Migration of the 
two nuc le i to opposite poles of the sac . Fig. 514. 
Division of the nucle i of a 2-nucleate sac a t the 
center of the sac . F igs . 515» 516. 4-nucleate sac 
and i t s vacuola t ion . Fig . 517» 8-nucleate sac . The 
nucel lus p e r s i s t s . Fig. 518. Antipodes with t r i a n g u l a r 
arrangement. The chalazal antipode i s very long and 
possesses f ine ly vacuolated cytoplasm and a b ig nucleus . 
I t i s curved in i t s lower p a r t . Fig. 519. Antipodal c e l l s 
with t r i a n g u l a r arrangement. The basal one possesses a 
very b ig nucleus with seven n u c l e o l i . I t s lower pa r t i s 
co i led . Fig. 520. The basa l antipode shows two big 
vacuoles . I t s nucleus i s conspicuous. Fig, 521. Func-
t ion ing megaspore with terminal vacuoles. Fig, 522. 
2-nucleate sac with a b ig cen t ra l vacuole. Fig. 525* 
4-nucleate sac . Fig. 524. 4-nucleate sac . Terminal 
vacuoles p e r s i s t . The c e n t r a l vacuole t raversed by a 
cytoplasmic diaphragja. Fig, 525. A 4-nucleate sac . The 
cen t r a l vacuole divided i n to two p a r t s by a diaphragm 
which contains two nuc le i and one nucleus a t each pole 
of the sac . F ig . 526. A 6-nucleate sac . Five of i t s nue-r^ -
l e i crowded toge ther and the s ix th one i s towards the 
chalaza. The cytoplasm i s foamy due to vacuoles. Fig. 
527. A 7-J3-ucleate sac . Four nuc le i a t the micropylar 
pole and t h r ee a t the cha laaa l . Fig. 528. A 7-nucleate 
sac with a b ig cen t ra l vacuole. Five nuc le i near micro-
py la r p a r t and two a t the cha laza l . Fig, 529. 4-nucleate 
embryo sac . All i t s nuc le i a re d iv id ing . iUg. 550. 8-nuc-
l e a t e sac . The egg apparatus and antipodes organized, but 
the po l a r nuc le i have not migrated. Fig. 551. 8-nucleate 
sac . The organizat ion of egg apparatus has preceded tha t 
of an t ipodes . Fig. 552. 8-nucleate sac . Organization 
of ant ipodal c e l l s has preceded tha t of egg apparatus . 
Fig . 555» Mature sac . The po la r nuc le i a re very conspi-
cuous. Fig. 55'^* Mature sac . The synergids are very 
long and have extended i n to the micropylar canal . The 
cytoplasm i s foamy due to presence of numerous vacuoles. 
i'ig* 555» Embryo sac with inverse p o l a r i t y . The antipodes 
have degenerated. The cytoplasm contains numerous vacuoles, 
( E e c o n s t r u c t ^ f igu res . 51^» 519, 522--525, 527-529, 
551-555). 
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Pigs-. 355-353. 0. g r a c i l i s . F igs . 55'4~361 • M* p a r v i f o l i a . 
Fig. 336. Functional mega spore witli i t s d ividing nucleus 
a t the micropylar po le . Tlie nuoel lus p e r s i s t s . Fig. 357. 
Two nuc lea te sac . Fig. 338« One of the nucle i has migra-
ted to the chalazal p o l e . Fig. 339. A 2-nucleate sac with 
i t s nuc le i a t the center of the sac . F igs . 5^0, 341. 4-
and 8-nuclea te sacs r e spec t ive ly . Fig. 3^2. 8-nucleate 
sac-. Po la r nuc le i s i t ua t ed below the egg apparatus . Fig. 543. 
8-nucleate sac . The organizat ion of antipodes has taken 
place p r i o r to the egg apparatus . Fig . 344. The c e l l s of 
the egg apparatus have degenerated. Two nucle i a t the 
chalazal pole are d iv id ing and the micropylar po la r nuc l -
eus has migrated to, the chalazal po le . Fig. 345. Mature 
sac . The po la r nuc le i have fused. Both the synergids show 
signs of degenerat ion and the antipodes are hea l thy . 
Fig. 3^6. Both the synergids are hooked. Fig. 3^7» ^ pa r t 
of the embryosac. Both synergids have degenerated. The 
po la r nuc le i have met below the egg c e l l . Figs 3^-350» 
Variat ion in the arrangement of ant ipodes . Fig, 351. A 
mature sac with s ta rch grains in i t s cytoplasm. The a n t i -
podal c e l l s have degenerated before the f e r t i l i z a t i o n of 
the sac . Fig . 352. 10-nucleate sac . Seven nucle i a re aggre-
gated a t the micropylar pole of the sac without any orga-
n i za t i on and th ree nuc le i a t the chalazal pole . Fig. 353. 
8-nucleate sac in which the re are th ree ant ipodal c e l l s , 
a t the chalaza l po le , 2-ce l led egg apparatus and four 
po la r n u c l e i . Fig. 354. Functioning megaspore. Vacuola-
t ion i s i r r e g u l a r . Fig. 355- 2-nucleate sac showing te rmi -
na l vacuoles . Fig . 356. Migration of the nucle i to the two 
poles of the sac and formation of a conspicuous vacuole a t 
the cen te r . Fig. 357« 2-nucleate sac . Vacuoles are absent . 
Fig. 358. 4-nucleate sac in which the cytoplasm i s r ep l e t e 
with s t a rch g ra in s . F ig . 359. 6-nucleate sac . There a re 
four nuc le i a t the micropylar end of the sac and two 
nucle i a t the chalazal end are d iv id ing . Fig. 56O. 8-nucl-
eate sac . The egg apparatus and ant ipodal c e l l s organized 
but the po l a r nucle i have not migrated. The ant ipodal c e l l s 
are qui te prominent.. F ig . 351. A 7-nucleate embryo sac . 
The c e l l s of the egg apparatus appear to be a 3-cel led 
composite s t in ic ture . The antipodes a re very conspicuous 
and contain s t a rch g ra in s . 
(Reconstructed f i gu re s . 335, 339, 3^3, 3 ^ , 352, 359, 351). 

Figs . 562-368. P . carnea var . aXba- Figs . 369-377. P . carnea 
var . coccinea* 
Fig . 3&2. Functioning megaspore i s gorged vsath. compound 
starcii g r a in s . Fig, 363» 2-nucleate embryo sac with one 
nucleus a t each pole and r e p l e t e with compound s t a r c h 
g r a in s . Fig. 364. 4-nucleate sac gorged with compound 
s ta rch g r a i n s . Fig. 365- 6-nucleate sac . The th ree nucle i 
a t the chalazal pole appear to be undergoing budding. 
Fig. 366. 8-nuGleate sac . The s tarch grains decrease in 
quan t i ty . Fig . 357. 8-nucleate sac with usual organiza-
t i o n . The two po la r nuc le i a re s i tua ted in the v i c i n i t y 
of the egg appara tus . Starch grains are r e s t r i c t e d to the 
micropylar pa r t of the sac . Fig . 368. Mature sac . The 
po la r nuc le i have fused. F ig . 369. Functioning meggspore 
with degenerated nuce l l u s . I t s cytoplasm contains severa l 
simple s ta rch g ra ins . F ig . 370. 2-nucleate sac with one 
nucleus a t each po le . The quant i ty of s ta rch gra ins has 
decreased considerably. F ig . 371• The micropylar p a r t of 
a 2-nucleate sac has pro jec ted in to the micropylar canal 
and both i t s nuc le i a re contained in the p ro jec t ion and 
are d iv id ing . Fig , 372. Division of nuc le i of a 2-nucle-
a t e sac . Starch grains a re not p resen t . Fig. 373• Div i -
sion of nuc le i of a 4-nucleate sac . Fig. 37^. A 6-nucle-
a t e sac . Four nuc le i a re present a t the micropylar end 
and two a t the chalazal po l e . Fig. 375« 8-nucleate sac 
with normal organiza t ion . The two polars are s i t u a t e d 
below the egg appara tus . Both the synergids and the th ree 
antipodes are degenerat ing precociously . Fig. 376. The 
an t ipodal c e l l s a re arranged i n a l i n e , one above the 
o ther . Fig . 377. A mature sac . The polars have fused. The 
sac i s f u l l of s ta rch g ra in s . The antipodes a re not seen. 
(Reconstructed f igures . 367» 371, 377). 
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P i s s . 378--585- G. t r i c o r n e . 
Fig. 378• Twin sacs . One sac i s 8-nucleate with, degenera-
t i ng c e l l s of tiie egg appara tus , two po la r nuc le i and 
tliree unhealthy ant ipodes . The other sac i s s i t ua t ed imme-
d i a t e l y below the epidermis of the chalaza and i s 2-nuclea te . 
Fig. 579. Twin sacs lying s ide hy s i d e . In one sac there 
a re two degenerat ing synergids , the egg, secondary nucleus 
and th ree ant ipodal c e l l s . The other sac i s 8-nucleate .wi th 
normal organiza t ion . One synergid and a l l the th ree a n t i -
podal c e l l s a re iinhealthy. Fig. 380. Twin sacs lying one 
above the o ther . Both a re mature sacs with normal organiz,a-
t i o n . In the upper sac the ant ipodal c e l l s are degenerat-
ing and the lower one shows two degenerated synergids and 
two unhealthy ant ipodes . The po la r nuc le i have fused. 
Fig. 381. Twin sacs . Both sacs s i t ua t ed high up in the 
micropylar canal . Both are mature sacs and degenerat ing. 
Fig. 382. Twin sacs . One mature sac in the micropylar 
canal with usua l organizat ion and hea l thy . The other i s 
s i tua ted in the chalaza. I t has inverse p o l a r i t y . The 
antipodes have degenerated; Fig.- 383* T r i p l e t . Dne mature 
sac in the micropylar canal . Two ant ipodal c e l l s are un-
hea l thy . The second sac s i t ua t ed in the chalazal region 
has been cut t r ansve r se ly . The t h i r d sac s i tua ted in the 
funicle has the egg c e l l and four free nuc l e i . Fig. 384. 
T r i p l e t . Two mature sacs a re s i t ua t ed in the micropylar 
canal and the t h i r d a t the chalaza* The l a t t e r sac has 
three degenerated c e l l s of the egg apparatus and one free 
nucleus . Fig . 385* Quadruplet. Two mature sacs in the micro-
pyla r canal with normal organiza t ion . In one of them a l l 
the nuc le i a re unhealthy while in the other the antipodes 
appear- to be degenerat ing. Third sac i s s i tua ted below 
one of the previous ones, i s 7 -nuc lea te . There are two 
degenerat ing c e l l s in the egg appara tus , three free nuc le i 
and two an t ipodes . The fourth sac i s near the fun ic le . I t 
i s 8 -nuc lea te . The synergids and the antipodes have compl-
e te ly degenerated. The two po la r nuc le i are unhealthy. 
(Reconstructed f igu res . 378-3832» 
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Figs . 586-388. I . undulata . F igs , 389-59^. 0. g r a c i l i s , 
l i g , 395* £• carnea var . coccinea. 
Fig. 386. Twin sacs . One a t 5-D.iicleate and the o ther a t 
7-nuGleate s t age . Both a re lying side by s ide . Fig, 387. 
Twin sacs s i t ua t ed one above the o ther . The upper has 
t h r ee c e l l s and one free nucleus, while lower contains 
eight free n u c l e i , t h ree of which are degenerat ing. Fig. 
388. Twin sacs ly ing s ide by s ide . Both sacs a re mature. 
One of them shows inverse p o l a r i t y . Fig . 3S9« Twin sac 
s i t ua t ed one above the o ther . The upper shows two dege-
nerated c e l l s (probably synerg ids) , one egg c e l l and 
two free n u c l e i , the lower one i s two-nucleate. Below 
the l a t t e r sac there a re th ree more c e l l s (probably mega-
spores ) . Fig. 390. Twin sacs lying s ide by s i d e . One has 
th ree c e l l s a t the micropylar pole and one nucleus , while 
the other one has two degenerated synergids and the egg 
c e l l , two po la r nuc le i and th ree c e l l s a t the chalazal 
po le . Fig. 391. Twin s a c s . One of them i s mature with 
normal organizat ion and two po la r n u c l e i . The other one 
i s dwarfed s i tua ted near the egg apparatus of the p r e -
vious sac . I t cons i s t s of 3--celled egg apparatus and two 
free n u c l e i . Fig. 392. Twin sacs lying side by s i d e . One 
sac has one c e l l and one free nucleus and the other one 
has 3-cel led egg apparatus and three free n u c l e i . Fig. 
393* T r i p l e t . One sac has two nucle i a t the micropylar 
end and th ree c e l l s a t the cha laza l . Another sac ly ing 
p a r a l l e l to i t has two c e l l s a t the micropylar and two 
c e l l s a t the chalazal po l e . S t i l l another sac with rounded 
ou t l ine has one b ig and two small n u c l e i . Fig. 394. Tr ip le t , 
One sac has two free n u c l e i . The other sac i s lO-nucleate . 
I t has 3-cel led egg apparatus and three ant ipodes . There 
a re two free nuc le i near the egg apparatus and two free 
nuc le i in chalazal ha l f pesrt of the sac . There i s another 
s t r u c t u r e bounded by wa l l s . I t contains cytoplasm but 
no nuc leus . Fig. 395« Twin sacs . One a t 6-nucleate and 
the other a t 2-nucleate s t age . They are ly ing one above 
the o ther . 
(Reconstructed f igu res . 386-394). 
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Figs. 396-398. G. t r icorne . Pigs. 399-'4-02. I . undulata. 
Figs. 403-406. 0. g r ac i l i s . Figs. 407-413. M. parvifol ia . 
Figs. 414-416. P. carnea var. alba. Figs. 417-419. P. carnea 
var. coccinea. 
Fig. 396. Papi l la te apex of corolla tube. Figs. 397, 398. 
L.s . and T.s, of stigma respectively siiowing pollen grains 
on the papi l lae OJ£ the stigiaa. Some of them have germinated. 
Fig. 399. L.s . of stigma. I t s adaxial surface alone bears 
papi l lae . Fig. 400. L.s, of style (a part only) showing 
elongated ce l l s which contain abundant tanin granules. 
Fig. 401. The stigmatic papi l lae magnified with pollen 
grains on them. Fig. 402. L.s, of ovule. The pollen 
tube has crept over the epidermis of outer side of the 
integument. The ovule contains fer t i l ized sac. Fig. 403. 
The apex of incurved corolla tube i s pap i l l a te . Fig. 404. 
L.s . of fork-like bif id stigma. The entire surface of the 
upper half part of both the stigmatic lobes are pap i l l a te . 
Some pollen grains are also seen on the stigmatic papi l lae . 
Fig. 405. A part of the papi l la te stigma magnified. Pollen 
grains are seen on the papi l lae . Fig. 406. The pollen 
tube in the micropylar canal. Fig. 407. L.s . of the upper 
region of the stigma which i s divided into two par t s . Note 
the glandular ce l l s which border the f ission. Fig. 408. 
Semidiagramatic representation of the stigma as seen in ' 
longitudinal section. The papi l la te regions occur at the 
apex and bottom of .the stigma. Pollen grains are seen on 
the stigmatic papi l lae . Fig. 409. Germinated pollen 
grains on the stigmatic papi l lae . Fig. 410.shows the 
course of pollen tube into the placental t issue and 
t h e i r emergence into the ovarian cavity. Fig. 411. The 
same magnified. Fig. 412. Pollen tube in the micropylar 
canal. Starch grains are present in i t s cytoplasm. 
Fig. 413. A pollen tube hah branched after leaving the 
micropylar canal. Fig. 414. The papi l la te apex of the 
corolla lobe. Fig. 415. Fork-like-bifid stigma. I t s 
ent i re surface i s pap i l l a te . Some pollen grains are 
seen on the stigmatic papi l lae . Fig. 416. A part of 
the papi l la te stigma magnified. Fig. 417. Apical part 
of the corolla whose abaxial surface bears prominent 
papi l lae . Fig. 418. Fork-like bifid stigma whose ent ire 
surface i s pap i l l a te . Pollen grains are seen on the 
papi l lae . Fig. 4l9, A part of the papi l la te region 
with some pollen grains. 
(Reconstructed figures. 397, 398, 401, 404, 408, 409, 
411, 414, 415, 417-419). 
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Figs. 420, 421. G. tricorne. Figs. 422-424. I. undulata. 
Figs. 425-42?. 0. gracilis. Figs. 428-452. M. parvifolia. 
Figs. 435-435. P. carnea "var. alba. Figs. 436-438. P. carnea 
var. GOGcinea. 
Fig. 420. Fertilized sac. One synergid iias been destroyed 
by the pollen tube. Tlie pollen tjibe is seen entering the 
egg cell from its side. There are two endosperm nuclei. 
Fig. 421. Fertilis^ed embryo sac. The apex of the pollen 
tube has become pellate after coming in contact with 
secondary nucleus. Fig. 422. The pollen tube has crept 
on the wall of one of the synergids. One sperm nucleus 
has entered the egg cell and the second sperm nucleus 
is situated between the egg apparatus and the two polar 
nuclei. Fig. 423. The pollen tube inside the sac has 
become irregular in shape. One synergid has been destroyed. 
One sperm nucleus has entered the egg and the second 
one is seen below the secondary nucleus. Fig, 424. The 
pollen tube is very conspicuous inside the embiyo sac. 
Both the synergids have been destroyed. The second sperm 
nucleus is seen near the secondary nucleus. Fig. 425 shows 
the pollen tube in the micropylar canal. There are two 
pollen tubes inside the embryo sac. Both the synergids 
have been destroyed. Fig. 426. The nucleus of one syner-
gid is degenerated. The pollen tube has entered the 
other synergid. The sperm nucleus has entered the egg cell. 
Fig. 427. The pollen tube in the sac has become very cons-
picuous. Some X bodies are seen in the expanded pollen 
tube. Fig. 428. The pollen tube has entered one of the 
synergids. Both the synergids present healthy appearance. 
Fig. 429. The pollen tube has covered the entire egg cell. 
Only its nucleus is seen. Second sperm nucleus has entered 
the secondary nucleus. Fig. 430 shows pollen tube in the 
micropylar canal. All the cells of egg apparatus have 
degenerated. One sperm.nucleus is seen at some distance 
from the secondary nucleus. Fig. 431. Pollen tube is -
seen in the sac. Both synergids have degenerated and 
disappeared. Fig. 432. The pollen tube is very conspi-
cuous in the micropylar 'canal as well as in the sac. 
One sperm nucleus is seen in the vicinity-of egg cell 
and the other in contact with the secondary nucleus. 
Fig. 433' The micropylar part of fertilized embryo sac. 
Both the synergids are not seen. Fig, 454. Fertilized 
sac. Both synergids have been destroyed during the entry 
of the pollen tube into the sac. Fig. 435« Both synergids 
have been destroyed by the pollen tube. Triple fusion is 
taking place to form the primary endosperm nucleus. Fig. 
436. Pollen tube has entered the sac. Both synergids 
are healthy. Fig. 457• The pollen tube has passed through 
both the synergids, but they appear to be healthy. Fig, 
458. Both synergids are healthy. One sperm nucleus has 
fused with the nucleus of the egg cell and the other with 
the secondary nucleus. 
(Reconstructed figures. 420, 421, 423, 424, 426, 428-438). 

Figs . 459-^41. G. t r i c o r n e . l i g s . 442-445. I . undulata . 
F igs . 446-452. 0. g r a c i l i s . ~" 
Pig. 439^ Foun? nuclea te endosperm. Fig. 440. Synchronous 
d iv i s ion in the endosperm n u c l e i . Fig. 441. Wall forma-
t i on in tile endosperm. I t begins a t both ends of the sac 
simultaneously. F igs . 442, 443. 4-nucleate endosperms. 
Note the quant i ty of s t a rch gra ins in the endosperms. 
Fig. 444. 8-nuGleate endosperm. I t s cytoplasm i a free 
from s ta rch g ra in s . Fig . 445. The embryo sac with inverse 
p o l a r i t y . There i s the zygote and two ant ipodal c e l l s and 
the e n t i r e endosperm has become c e l l u l a r . Fig. 446. A 2-
nuclea te endosperm. F ig . 447. 8-nucleate endosperm. Note 
the increase in the s i z e of the sac . Fig. 448. Dividing 
endosperm n u c l e i . The d iv i s ion of nuc le i i s not synchro-
nous. Fig . 449. The wall formation in the endosperm begins 
a t the micropylar end. Fig. 450. F e r t i l i z e d embryo sac . The 
endosperm has divided by a t ransverse wall i n to micropylar 
and chalaza l chambers. The micropylar chamber has two free 
nucle i and the chalazal only one nucleus . Fig. 451. F e r t i -
l i zed sac . The endosperm i s p a r t i t i o n e d in to micropylar 
and chalazal chambers by a t ransverse wal l . The micro-
py la r endosperm chamber i s uninuclea te and the chalazal 
one has t h r ee free n u c l e i . Fig. 452. Per iphera l type of 
endosperm. There i s one uninuclea te cytoplasmic ve s i c l e 
i n the endosperm cav i ty . 
(Eeconstructed f igures . 440-445, 447-452). 
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Figs . 455-455. M. p a r v i f o l i a . F igs . 4-56-458. P . camea var . 
a lba . Figs . -459-462. P . carnea var . coccinea 
Fig . 453' Four nuclea te endospena. Fig. 454. 26-nuGleate 
endosperm. Fig. 455* The wall formation lias taken p lace 
simultaneously on a l l s i d e s . T?ig. 456. 15-nucleate 
endosperm and*-the cytoplasm i s diffused i r r e g u l a r l y 
throughout. Fig . 457. The zygote i s surrounded by 
endosperm c e l l s . Fig. 458. The wall formation in the 
endosperm has taken place simultaneously on a l l s i d e s . 
Fig . 459. 3-nuGleate endosperm. Two endosperm nucle i 
a re d iv id ing . Fig. 460. The endosperm contains eight 
f ree n u c l e i . Starch gra ins a re present i n the endosperm. 
Fig. 461. 16-nucleate endosperm. Some of i t s nuc le i a re 
l a rge and others small . The cytoplasm i s diffused through-
out the endospeim. Fig. 462. Pecu l i a r type of endosperm 
development ( for explanation see the t e x t ) . 
(Reconstructed f igu res . 453-456, 458-462). 
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Figs . 463-'461. G. t r i c o r n e . 
F igs . 465, 454. The zygote and i t s t ransverse d iv i s ion 
r e spec t ive ly . Fig. 465. Transverse d iv i s ion of c e l l , cb. 
Fig . 466. The c e l l , ^ , has segmented t ransverse ly and 
n l ong i t ud ina l l y . Fig. 46?. The c e l l , 1 has divided longi-
t u d i n a l l y . Fig . 468. The quadrants . Two daughter c e l l s of 
ci have segmented long i tud ina l ly . Fig. 469. Pos toc tant 
s t age . Three daughter c e l l s of o± have undergone l ong i -
tud ina l d i v i s i o n . Fig. 470. Octant s tage . The octant 
c e l l s are disposed in four t i e r s . The c e l l , m, has segmen-
ted in the long i tud ina l p lane . Repeated t r ansverse d i v i -
s ions in oi have produced a very long suspensor which i s 
branched. Terminal c e l l s of one of the branches of the 
suspensor i s 3-nucleate . Fig . 471. L . s . of sphere s tage 
of embryo. The suspensor i s m u l t i s e r i a t e . Fig. 472. L . s . 
of heart-shaped embryo. The suspensor haustor ia have 
been d i f f e r e n t i a t e d . The terminal suspensor c e l l i s exce-
p t i o n a l l y l a rge contain a conspicuous nucleus . Fig, 473. 
L . s . of mature embryo which i s s l i g h t l y curved. Fig. 474. 
Embryo a t sphere s t age . The en t i r e suspensor has become 
h a u s t o r i a l . Fig. 475« L . s . of seed showing polyembryony. 
F ig . 476. Another case of polyembryony. Fig. 477. Embryo 
has developed a t the apex of the suspensor branch. 
F igs . 478, 479. Successive sec t ions of the same ovule, 
showing zygotic mass of c e l l s without any organizat ion 
and development of embryos from the filamentous branches 
of these c e l l s . Fig. 480. L . s . of mature embryo in which 
the adaxial surface of one of the cotyledons has become 
undulated. Fig. 481. The same magnified. The humps on 
the surface of the cotyledon consis t of meristernatic 
c e l l s . 
(Reconstructed f igu res . 469, 470, 472, 474, 476-479). " 
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Figs . 482-498. 0. p : rac i l i s . F igs . 499-510. M. p a r v i f o l i a . 
l i g s . 482, 483. Zygote and i t s t ransverse d iv i s ion r e s -
pec t ive ly . Fig. 484. Transverse d iv i s ion of _cb. Fig . 485. 
Transverse d iv i s ion of _ci. Fig. 486. The c e l l , £a , iias 
divided t ransverse ly and the l i n e a r proembiyo i s 5-Gelled. 
The c e l l s , n-and a ' have one extra micronucleus each. 
Fig . 487. 6-cel led l i n e a r proemhryo. The c e l l , n ' ha s 
divided t r ansve r se ly . Fig. 488. 7-cel led l i n e a r p ro -
embryo, the c e l l , n, has divided t r ansver se ly . Fig . 489. 
8-ce l led l i n e a r proemhryo. The c e l l , m, has divided by 
an oblique wal l . Fig. 490. The c e l l , I ' h a s segmented long-
t u d i n a l l y . Fig. 491. By t ransverse d iv i s ions s ix daugn-
t e r c e l l s of £b have been formed. Fig.. 492. The c e l l , 1, 
has divided long i tud ina l ly and the quadrants a re disposed 
in two t i e r s of two c e l l s each. Fig. 493. The quadrants 
have divided long i tud ina l ly to produce the oc t an t s . Fig. 
494. The d iv i s ion in t i e r , 1.' , i s more rapid than in 1.. 
The terminal suspensor c e l l i s hypertrophied. Fig . 495* 
There are eight daughter c e l l s of l.'and four of 1.. There 
a re three daughter c e l l s of db. F igs . 496, 49?. Sphere 
and heart-shaped s tages of the embryo re spec t ive ly . Fig. 
498. Mature embryo with normal embryonal p a r t s in l . s . 
F igs . 499, 500. The zygote and i t s t ransverse d iv i s ion 
r e spec t ive ly . Fig. 501. Transverse d iv i s ion of cb. Fig. 
502. The c e l l , 1., has divided t ransverse ly and iy~longi -
t u d i n a l l y . The quadrants a re disposed in three t i e r s . 
Fig. 503. Quadrants a re disposed in two t i e r s of two c e l i 
each. There are th ree daughter c e l l s of cb. F igs . 504, 
505' The d iv i s ions in the t i e r s 1 and 1 ' a re i r r e g u l a r . 
The.suspensor i s i r r e g u l a r l y b i - s e r i a t e and a l l i t s c e l l s 
appear to be h a u s t o r i a l . F ig . 506. Pos t -oc tan t s tage of 
proembryo. The c e l l m, has segmented long i tud ina l ly . 
Fig. 507» Sphere s t age . The suspensor i s 6-celled. ' Fig. 
5O8. Heart-shaped embryo. The suspensor i s 3-Gelled. 
Fig . 509. I n i t i a t i o n of cotyledons. Fig,. 510. Mature 
embryo in l . s . with normal embryonal p a r t s . 
(Reconstructed f igu res . 489, 493-495, 504, 505, 507). 
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Figs . 511-524. P . oarnea var . a lba . F igs . 525-53^' P« carnea 
var . coccinea. 
Fig, 511. Tiie zygote. F igs . 512, 513« Transverse d iv i s ion 
of zygote. Fig . 51A-. Transverse d iv i s ion of tiie c e l l , ca, 
and two d iv i s ions in cb. Fig. 515* The quadrants are 
disposed in two t i e r s of two c e l l s eacii. Tlie c e l l , m, has 
segmented obliquely and i t s daughter c e l l s l ong i tud ina l ly . 
Fig. 516. The quadrants a re disposed in two t i e r s in a 
p l a t e - l i k e form. The c e l l , m, has divided long i tud ina l ly , 
while the four daughter c e l l s of ^ i ai'e arranged l i n e a r l y . 
Fig. 51?• There are th ree c e l l s in the t i e r , 1, and two 
in r . The c e l l m has divided long i tud ina l ly . Fig. 518. 
Three c e l l s a re present in t i e r , 1' , and two in j . . 
F ig . 519'shows the preoc tan t s tage . Four c e l l s have 
produced in 1' and only two in 1. m has segmented long i -
tud ina l ly and four daughter c e l l s have r e su l t ed by two 
t ransverse d iv i s ions 14 o±. Fig. 520. The post octant 
s t age . The c e l l s are disposed in four t i e r s . The four 
daughter c e l l s of 1 a re disposed in two t i e r s of two c e l l s 
each. There a re s ix daughter c e l l s of 1.'disposed in two 
t i e r s . In the upper t i e r the re are four c e l l s and in the 
lower t i e r two c e l l s . Six daughter cells/)f _Gb are arranged 
l i n e a r l y . F igs , 521, 522. Sphere and heart-shaped stages 
embryo r e spec t ive ly . Fig. 523. L.s, of mature embryo with 
usual embryonal p a r t s . Fig. 524. The basal p a r t of a 
mature embryo magnified. The c e l l , m, has divided long i tu -
d ina l ly and th ree daughter c e l l s of _ci a re arranged l i nea r ly . 
F igs . 525, 526. The zygote and i t s t r ansverse d i v i s i o n . 
Fig. 527. Transverse d iv i s ion of _cb. Fig. 528. Proembryonic 
t e t r a d cons i s t ing of the c e l l s , _Ga, m, n , nC Fig . 529. 
Transverse d iv i s ion of _ca. Fig. 530. The quadrants d ispo-
sed in two t i e r s of two c e l l s each. Fig. 531. Post octant 
s tage of proembryo. The c e l l , m, has divided long i tud ina l ly . 
F igs . 532, 533- Sphere and heart-shaped s tages of the 
embryo r e spec t ive ly . Fig, 534. L . s . of mature embryo with 
usual embryonal p a r t s . 
(Reconstructed f igu res . 517, 519, 520, 531). 
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Figs . 535-540. G. t r i c o r n e . F igs . 541-5^5. 0. g r a c i l i s . 
F igs . 545--549. M. p a r v i f o l i a . 
Fig. 555. L . s . of seed a t the heart-shaped stage of 
embryo. The endosperm c e l l s around the embryo are d i s s o -
c ia ted and sca t t e red in endosperm cavi ty . Integumental 
c e l l s have suffered h i s t o l y s i s although the endosperm 
t i s s u e i s not in contact with them. Fig. 556. T . s . of 
seed. The endosperm c e l l s become hypertrophied and , 
d i s soc ia t ed before they a re disorganized. Fig. 537 
shows mature embiyo, remains of disorganized endosperm 
c e l l s i n the cen t ra l cav i ty , p e r s i s t e n t endosperm t i s s u e 
and the seed coat . Fig. 538' Section of yo\ing f r u i t . 
The pe r i ca rp cons i s t s of outer and inner epidermal l ayers 
and 2-3 c e l l l ayers in te rvene them. Testa i s 1-layered 
which has ce l lu lose thickenings in i t s c e l l s . The endo-
sperm c e l l s a re free from food gra ins . Fig. 539. Section 
of mature f r u i t . The pe r i ca rp i s 4- layered. The outer 
epidermis has th ick depos i t ion of c u t i c l e . The 1-layered 
t e s t a cons i s t s of prominent rec tangular c e l l s . Sometimes 
a c e l l of the t e s t a may d iv ide p e r i c l i n a l l y . The p e r s i s -
t e n t endosperm c e l l s have a very th ick lamel la te depos i -
t i o n of c e l l u l o s e . Fig. 5^0. The integumental c e l l s 
under the inf luence of endosperm have become hyper t ro -
phied and sometimes mul t inuc lea te before they degeneraite. 
Fig . 5^1 • Section of yoting seed showing the r e l a t i v e 
pos i t i on of the embryo, endosperm and the integument. 
Fig. 5^2. L . s , of ovule. The contents of endosperm c e l l s 
surrounding the embryo a re consumed by the embryo leaving 
t h e i r c e l l walls i n t a c t . Some i s l ands of c e l l with cy to-
plasm are a lso seen in the l a t t i c e of walls of the d i s -
organized endosperm c e l l s . Fig. 543. Magnified view of 
f i g . 542. Fig. 544. The epidermis of integument with one 
unhealthy hypodermal l aye r and the remains of disorganized 
integumental t i s s u e . Three l ayers of endosperm p e r s i s t 
whose epidermal layer i s heavi ly cu t in ized . There a re nume-
rous t iny vacuoles in the endosperm c e l l s . Fig, 545. The 
1-layered t e s t a . I t s c e l l s a re t angen t i a l ly elongated . 
with a th ick c u t i c u l a r l aye r on t h e i r t angen t i a l outer 
-wal l s . Fig. 546. L . s , of young seed showing r e l a t i v e 
pos i t i on of embryo, endosperm and integument. Fig. 547. 
The hear t -shaped embryo surrounded by the net-work of 
walls of disorganized endospeipi c e l l s . I s lands of c e l l s 
with scanty cytoplasm are a l so seen. Fig. 548. L . s . of 
mature embryo. The c e l l wal ls of the disorganized endo-
sperm c e l l s have disappeared. Fig, 549. Section of 
mature seed. The t e s t a i s 1-layered with th ick c u t i c u l a r 
l aye r . The p e r s i s t e n t endosperm i s 2- to 3-layered. I t s 
c e l l s contain food gra ins of unknown chemical n a t u r e . 
(Reconstructed f igu res . 535, 537, 539, 540-543, 54-6-549), 
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Figs . 550-55^* £• carnea var . a lba . Pigs . 555? 556. £• carnea 
var . coccinea. 
F igs . 550, 551. L . s . of young and older f r u i t s respec t ive ly 
to show tke r e l a t i v e pos i t i on of tlie proembryo, tJae endo-
sperm and the integument. Fig. 552. Section of veiy youhg 
f r u i t ( a p a r t on ly) . The 6-cel led proembxyo i s s i t ua t ed 
in endosperm t i s s u e . Ihe c e l l s of the l a t t e r t i s s u e 
enlarge and come to possess prominent nuc le i before t h e i r 
degenerat ion. Fig . 553. L . s . of mature seed showing 
mature embryo, 5-5 layers of p e r s i s t e n t endosperm whose 
c e l l s contain food granules of unknown chemical na tu re 
and 1-layered t e s t a . The c e l l s of t e s t a are t angen t i a l ly 
elongated. There i s honey-comb-like th i ck deposi t ion 
of ce l lu lose on the inner surface of i t s outer t angen t i a l 
wal l . The remaining lumen of these c e l l s i s r ep l e t e with 
tan in granules . The epidermis of the endosperm has a 
very th ick c u t i c u l a r l aye r . The e n t i r e p e r s i s t e n t endo-
sperm t i s s u e has thickened walls due to ce l lu lose depo-
s i t i o n . Fig. 55^« One c e l l of the t e s t a magnified, 
below which a re the degenerating integumental c e l l s . 
Fig. 555- Diagramatic represen ta t ion of 1-. s . of ovule. 
There i s the embiyo a t sphere stage s i t u a t e d in the 
cen t ra l cavi ty produced by the degeneration of endosperm 
t i s s u e , c e l l u l a r endosperm, degenerating integumental 
c e l l s and the t e s t a . Fig. 555' 1"S. of ovule showing 
honey-comb-like inner ce l lu lose thickening on the inner 
s ide of the outer t angen t i a l wall of the 1-layered 
t e s t a . Below the t e s t a are the degenerat ing integumental 
c e l l s . The p e r s i s t e n t endosperm i s 5- to 5-layered. 
The epidermis of the endospeim i s feebly thickened due to 
ce l lu lose deposi t ion on i t s inner wal l s . The endosperm 
c e l l s are free from food substances. 
(Reconstructed f i g u r e . ; 553). 
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P a p e r 1 
MISS TALAT JAROOQ AMU ABEAR M. KHAN 1969- Host p a r a s i t e 
i n t e r a c t i o n of r o o t - k n o t nematode and I^ycopersicon p i m p i n e -
l l i f o l i u m . A l l Ind ia Hematology Symposium, New D e l h i . p . 4 . 
( A b s t r a c t ) . 
HOST PARASITE INTERACTION OF ROOT-KNOT NE\£ATODE AND LYCOPER-
SICQN PIIi/glNELLIFOLIUM. 
MISS TALAT FAROOQ AND A BEAR M. EHAN 
Department of Botany, A l iga rh Muslim U n i v e r s i t y , 
A l iga rh (U .P . ) 
ABSTRACT 
Anatomical changes i n r o o t s of Lycopers icon p i m p i n e l l i -
folium as a r e s u l t of i n f e c t i o n wi th Meloidosyne i n c o g n i t a 
has been s t u d i e d from samples of r o o t s t aken from 8 h r a f t e r • 
i n o c u l a t i o n u p t o 50 d a y s . Within 8 h r t h e second s t a g e 
l a r v a e p e n e t r a t e d c o r t i c a l t i s s u e and i iyper t rophy , c e l l wal l 
d i s s o l u t i o n and clumping of n u c l e i was o b t a i n e d . A f t e r 24-48 
h r of i n o c u l a t i o n g i a n t c e l l s were i n i t i a t e d i n t h e s t e l a r 
r e g i o n . Giant c e l l s were r a r e l y observed i n t h e c o r t e x . 
In ea r ly s t a g e s t h e g i a n t c e l l had a somewhat d e f i n i t e demar-
c a t i o n wal l but i n l a t e r s t a g e s of i n f e c t i o n t h e r e was no 
d i s t i n c t l i n e of demarca t ion between t h e g i a n t c e l l and t h e 
a d j o i n i n g t i s s u e . Giant c e l l s cont inued t o invade ad jacen t 
t i s s u e . F i n a l l y , n u c l e a r membranes b roke down and some of 
t h e n u c l e i of g i a n t c e l l s a l s o d i s i n t e g r a t e d . 
Paper 2 
TALAI PAROOQ 1972. A t e r o t o l o g i c a l pJaenomenon i n tJae frond 
o£ P t e r i s 1 o n R J f o l i a L. A l l I n d i a Symposium on Biology of 
Land P l a n t s , Meerut . p . 13 . ( A b s t r a c t ) . 
A a?ERATOLOGIGiL PHENOMENON IN THE FEOND OF PTESIS LONGIFOLIA L, 
TALAT FAROOQ 
Department of Botany, A l i g a r h Muslim U n i v e r s i t y , 
A l iga r l i . 
ABSa?RAGT 
In a p o t t e d p l a n t of P . l o n ^ i f o l i a t h e r a c l i i s of two 
frond liad undergone r e p e a t e d dicJaotomous b r a n c h i n g s . One of 
t h e f i r s t formed b ranches remained u n d i v i d e d whi le t h e o t h e r 
one had d i v i d e d dichotomously 3 or 4 t i m e s . (The r e s u l t a n t 
branches posses sed p innae and t h e i r a p i c e s showed c i r c i n a t e 
v e r n a t i o n . The o v e r a l l e f f e c t was a s i f t h e frond behaved 
l i k e a stem b e a r i n g 4 t o 5 compound l e a v e s . 
The s t e l e of t h e p e t i o l e had assumed U-shape i n i t s 
d i s t a l p a r t i n which t h e xylem b e a r s a d a x i a l hooks . There 
a r e 5 to 5 protoxylem g roups , two of which a r e s i t u a t e d a t 
t h e ang le s of t h e hooks . Some d i s t a n c e below t h e p o i n t of 
b i f u r c a t i o n of t h e r a c h i s a no tch appea r s on t h e a d a x i a l s i d e 
i n t h e middle of t h e s t e l e which g r a d u a l l y deepens and f i n a l l y 
two completely s e p a r a t e d s t e l e s a r e formed each wi th one xylem 
hook. The two branches of t h e r a h h i s r e c e i v e one s t e l e each. 
As t h e s t e l e ex tends h i g h e r up i n t h e b r anches a hook i s 
formed on t h e o t h e r s i d e a l s o . S i m i l a r b r e a k i n g of t h e s t e l e 
t a k e s p l a c e a t t h e t ime of f u r t h e r b i f u r c a t i o n s of t h e b ranch . 
I t appears t o be an i n t e r e s t i n g c a s e i n which l e a f has 
behaved l i k e a s tem. 
Pape r 3 
TALAT FAROOQ 1973. Tiie anatomy of a r o o t g a l l of Lycoper-
s i con p i m p i n e l l i f o l i u m i n f e c t e d by Meloidogyne i n c o g n i t a . 
Nematologica. 19 : 118. 
''':^ ^^ i^^ '^ Z^D„f-/e,9 
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Nematologka 19 (1973): 118. E. J. Brill, Leiden, Netherlands 
TALAT FAROOQ 1): The anatomy of a root gall of Lycopersicon pimpinellifolium injected by 
Meloidogyne incognita. 
The pxesent communication deals with the abnormal anatomy of a root gall of Lycopersicon 
pimpinellifolium Mill, infected 21 days previously by Meloidogyne incognita (Kofoid & White). 
Study of serial transverse sections of the root gall showed division of the stele. The extremities of 
the gall had one stele in which secondary growth had taken place. The stele was infested with 
multiple syncytia which were almost filled with granular cytoplasm that appeared to be foamy due 
to presence of numerous minute vacuoles. Furthermore the syncytia had become multi-
nucleolate indicating their advanced stage and the cytoplasm along with the nuclei of some giant 
cells appeared abnormal. Third and fourth stage larvae and occasionally a few immature females 
were present in the stelar region. Gradually the stele of the root assumed an elliptical outline 
(Fig. 1), in the middle of which there were many nematodes. Further sections showed that the 
stele attenuated in this region, resulting in the formation of two separate steles (Fig. 2), one of 
which was smaller than the other. The larger stele had undergone a similar type of division 
(Fig. 3). Some sections showed three steles embedded in the general ground tissue of the root 
(Fig. 4) . Each of the three steles was complete and delimited from the ground tissue by a continuous 
layer of endodermis. All three steles were heavily infected by the nematode. The stelar region 
showed a number of syncytia and some third and fourth stage nematode larvae. Occasionally an 
immature female was also present. The phloem and parenchymatous tissues were severely damaged, 
and some xylem elements were broken down or deformed. The features of the syncytia and the 
degree of destruction in the three steles closely resembled that of. galls from another infected root 
of the same age. The only difference was in the development of the nematode. Normally, M. incog-
nita completes its life cycle in the roots of L, pimpinellifolium in 15 days after inoculation, while 
in the particular gall described here which was 21 days old, only immature females were occasionally 
observed. This clearly indicates that development of the nematode was delayed. 
Discussion: The phenomenon of division of the stele in root gall is rather difficult to interpret. 
It is undisputed that the procambial cells possess the potentiality to differentiate into the elements 
of the vascular tissues. Presumably in the present material the continuity of the procambial tissue 
was broken down due to nematode infection and the disrupted procarabium could have given rise 
to three separate steles. As far as the author is aware it is novel condition not reported earlier. 
1) Department of Botany, Aligarh Muslim University, Aligarh, India. 
NEMATOLOGICA 19 (1973); 118 
Talat FAROOQ: Anatomy of a root gall, 
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Figs. 1-4. Transverse sections of roots of Lycopersicon phnpinellifolium. 1. The stele has assumed 
elliptical form. 2, 3. First and second division of the stele. 4. Three separate steles. X 100. 
Paper 4 
MISS MOHNI MUNSHI, TALAT WASEM AND MOHD! FAROOQ 1974. 
The embryology of StiKmaphyllon periplocaefolium A. Juss. 
and the cause of its sterility. Hort. Adv. 9 : 55-^7. 
T H E EMBRYOLOGY OF STIGMAPHYLLON PERIPLOCAEFOLIUM A. J U S S . AND 
^ T H E CAUSE OF ITS STERILITY 
B Y MISS MOHNI MUNSHI, TALAT WASEEM AND MOHB. FAKOOQ 
Department of Botany, Aligarh Muslim University, Aligarh, India. 
INTRODUCTION 
The previous literature on tb.e Malpigliiaceae 
(1, 5, 6, 11, 4, 12, 18, 14) shows that the develop-
ment of tlie microgporangium and male gameto-
phyte remains uninvestigated. More recently, 
the development of anther wall layers and the 
male gametophyte in Thryallisglauca and Malpighia 
glabra have been described by Singh (8, 9) and of 
Malpighia coecigera by Siddiqui (7). In most 
of the malpigh.iaceou8 plants regular embryos are 
not formed due to lack of fertilization and there-
fore the embryogeny in the family is unknown 
(3) but the cause of sterility of malpighiaceous 
plants is not known. However, Singh (8, 9) re-
corded regular embryo formation in Thryallis 
glauca and Malpighia glabra. The present 
communication deals with the embryology of 
Stigmaphylon periplocaefolium A. Juss. and the 
cause of its sterility. 
MATERIALS AND METHODS 
The research material of S. periplocaefolium 
was very kindly handed over to us by Dr. Bahadur 
Singh. The usual method of dehydration in 
alcohol-xylol series and wax embedding was 
followed. Sections were taken a t 8—-12 ft, to 
mounted and stained with safranin and fast green. 
OBSERVATIONS 
The flowers of S. periplocaefolium are penta-
merous and hypogynous. In between the calyx 
lobes conspicuous glands are present. Due to 
prominent ridges and furrows the outline of the 
gland is undulated. The ramifications of the 
vascular supply of the glands enter the ridges and 
terminates a few layers of cells below the epidermis. 
There are ten stamens which show hetero-
morphy. They fall into three catagories with 
regard to the length of their filament, size of the 
anther lobes and the presence or absence of the 
glandular apex of tlie connective. 
Catagory {a).—Four stamens have small antl)er 
lobes and long filaments. Tlieir comiective 
extends out beyond the level of the anther lobes 
and terminates in a bulbous apex (Text figure 1). 
The epidermal cells of the apex are quite large 
and replete with tanin granules. The cndothecial 
layer of the anther and the hypodcrmis of the 
connective form a continuous layer of cells with 
inner fibrous thickenings (Text figure 2). Usually 
the microspore tetrads degenerate , in ' these 
stamens. 
Catagory {b).—^Four stamens possess anthers 
of medium size and comparatively short filaments. 
In these the connective does not extend out and the 
hypodermal layer of the connective does not possess 
inner fibrous" thickenings. Majority of the micro-
spores in them degenerate. 
Catagory (c).—Two stamens have large anther 
lobes and very short filament. In these, as in 
catagory (6), the connective does nOt possess bul-
bous apex and the inner fibrous thickening in its 
hypodermal cells. Most of the pollen grains 
attain the 2-—celled stage and later degenerate. 
The gynoecium is tricarpellary, syncarpous 
and trilocular. Numerous unicellular glandular 
trichomes develop on the ovary wall and some 
multicellular club-shaped hairs of rare frequency 
may also occur. In each lobe there is one hemia-
natropous, bitegminal and crassinucel]ar ovule. 
The microsporangiu tn and male gametophyte: 
The hypodermal archesporial cells divide peri-
clinally producing the sporogenous and primary 
parietol layers. The latter undergoes similar divi-
sions producing outer and inner parietal layeiSi 
The outer parietal layer divides periclinally (Text 
figure 3). All three cell layers again undergo 
periclinal divisions producing six wall layers. The ' 
cell layer continuous with the sporogenous layer 
differentiates as the tapetum and tha t situated 
immediately b.'ilow the epidermis as the endothc-
cium whose cells bear inner fibrous thickenings. 
The remaining four are the middle layers which 
disintegrate at the time of microspore tetrad 
formation. 
The tapetum is 1—layered and a t places 2— 
layered. The glandular tapetal cells are 2— 
nucleate and some times 3—5 nucleate (Text 
figures 4 and .5). Sometimes the inner tangential 
walls of the tapetal cells undergo cutinization 
and show granules of various size. The radial 
walls of adjacent tapetal cells breakdown producing 
pouches. Ultimately the protoplast of these 
pouches is liberated into the anther locules in which 
the pollen grains and Ubisch granules get embed-
ded (Text figure 6). In one exceptional case the 
microspore tetrads are seen embedded in tapetal 
periplasmodium (Text figure 7). 
( 55 ) 
( 56 ) 
Tliick secondary wall is deposited on the inner 
side of the wall of the microspore mother cells 
at the time of meiosis I (Text figure^S). Normally 
simultaneous type of meiotic divisions occur 
(Text figure 9). In one exceptional case successive 
type of meiosis has been noted (Text figure 10). 
The cytokinesis takes place by centripetally 
advancing constriction furrows. Sometimes 
cytokinesis fails to take place and the microspore 
nuclei lie freely in the cytoplasm of the mother 
cell (Text figure 11). The microspore tetrads are 
tetrahedral and occasionally isobilateral or de-
cussate (Text figures 12—14). Quite frequently 
th.e microspores remain adhered together after 
the dissolution of wall of the mother cell (Text 
figure 13). The division of the microspore nucleus 
results in two prominent nuclei of equal,size (Text 
figure 16). Later the generative cell is organized 
(Text figure 17^. The exine is very thick. The 
pollen grains degenerate at 2—nucleate stage. 
The development of the female gametophyte : 
The hypodermal archesporium is 2—^celled 
(rarely I—celled). Parietal cells are cut off. The 
megaspore mother cells become deepseated due 
to repeated periclinal divisions of parietal cells 
(Text figure 18). There is no wall formation du-
ring or after the completion of the two meiotic 
divisions during megasporogenesis (Text figure 19). 
The four megaspore nuclei lie freely in the embryo 
sac cavity and imdergo two divisions each thus the 
16—nucleate embryo sac is formed. The organisa-
tion of the egg apparatus and migration of polar 
nuclei at the centre of the sac seldom takes place. 
In one case four polar nuclei were situated a t the 
centre of the embryo sac (Text figure 20). Some-
times all the embryo sac nuclei may be aggregated 
on one side of the sac. The development oi the 
embryo sac essentially conforms to the Penaea 
type. Degeneration of the embryo sac begins 
s;oon after anthesis. 
Endosperm and embryo : 
Fertilization does not occur and th.e formation 
of etidospcrm and embryo does not take place. 
DISCUSSION 
Thryallis glauca and Malpigkia glabra are the 
only membeis of tlie Malpigl'.iaceae in wliich the 
development of the microsporangium has been 
described (8, 9). In theSe species th.e anther Avail 
consists of 1-layercd cndotheeium, 1—^layered 
tapetiini and two middle layers. The . tapetum 
is glandular, whose colls are 2—niicleatc in T. 
glauca and four nucleate in M. glabra. However 
development of tlie niicrosjjorangium conforms 
to the Basic type of Davis (2)' in S. pc.riplocaefolium. 
The occurranoo of Ubiscli granules and tapctal 
pcrii)lasmodium is tlie first rccorcd in the family. 
I t is presumed tliat tlie cndotJiccial layer with 
its inner fibrous thickenings is helpful in the 
dehiscence of the antlicr, but the presence of inner 
fibrous thickenings in tlie hypodermal cells of 
the conoective is an interesting phenomenon, 
Regular embryos are not formed in the investi-
gated members of the Malpighiaceae, although 
T. glauca and M. glabra are exceptions in this 
regard (8,9). The cause of failure of regular embryo 
development has not been determined. In S. 
periplocaefoUum the degeneration of the pollen 
grains at the 2-nucleate stage prior to anthesis is 
the main cause of sterility' of the taxon. This 
information may be significant from horticultural 
point of view as S. periplocae folium is a garden 
plant. 
SUMMARY 
The stamens show hctcromorphy. The deve-
lopment of the anther wall layers is of the Basic 
-type Gf»Davis (2). The-l-layered glandular-tapetura 
has 2-nucleate and occasionally 3-,5 nucleate cells. 
Cutinization of the inner tangential walls of the 
tapetal cells takes place occasionally. Rarely tapetal 
periplasmodiiim fromation takes place prior to the 
liberation of the microspores from the wall of the 
mother cell. Besides the endothecium the hypo-
dermal layer of the connective of four out of the 
ten stamens develop inner fibrous thickenings. 
There are four middle layers. 
The meiosis during the microsporogenesis is 
rarely of the Sucecsive type. Tlie microsporetet-
rads show variable arrangements. Sometimes 
cytokinesis fails to take place. The 2-nucleate 
pollen grains degenerate in situ as a rule. The 
female archesporial cells (or cell) cut cff parietal 
cells. The development of the embryo sac essen-
tially confoims to the Penaea type. Organization 
of the egg apparatus and migration of polar nuclei' 
seldom take place. The embryo sac degeirerates 
soon after anthesis. The degeuGration of pollen 
grains in situ is the main cause of the sterility of 
the taxon, 
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Text figures 1—20. Stigmaphylon periplocae-
folium A. Jusg. Text figure 1. L.S. of stamen' of 
category (a) showing bulbous apex of the connec-
tive. Text figure 2. T.s. of stamen showing 
dehisced anther lobes. The epidermal cells of 
the connective contain tanin granules and the 
hypodermal possess inner fibrous thickenings and 
there is a continuation of endothecial layer in the 
connective. Text figure 3. ,T.s. of anther. The 
outer parietal layer has divided periclinally. 
Text figures 4,5. Three and five nucleate tapetal 
cells. Text figure 6. L.s. of anther showing Ubisch 
granules in the tapetal protoplast and the pollen 
grains. Text figure 7. Anther periplasmodium 
in which the microspores are embedded Text 
figures 8, 9. Microspore mother cells showing 
meiosis I and I I respectively. Text figure 10. 
A microspore mother cell in which wall has been 
formed after meiosis I. Text figure 11. Micro-
spore mother cell in which cytokinesis has failed 
to take place. Text figures 12— 14. Tetrahedral, 
isobilateral and decussate microspore tetrads res-
pectively. Text figure 15. Microspores are 
adhered together after dissolution of the mother 
cell wall. Text figures 16, 17. Two nucleate and 
2—celled pollen grains respectively. Text figure 
18. L.s. young ovule showing deep-seated mega-
spore mother cells. Text figure 19. A 4—^nucleate 
embryo sac. ' Text figure 20. A mature 16— 
nucleate embryo sac. 
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